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The classical theory of amphoteric 
. electrolytes was developed, in 19 04 by Walker (Proc. 
Roy. Soc., 73,155 ). The dissociation of an. ampholyte 
H.X.OH will give the ions H+, OH", 7.OH- and HX+. If 
the concentrations of these ions be a.b.c and d Walker 
showed that their concentrations are given by the 
equations
( l) a = IK + ka u
• \ 1 +.
(») b Ka
(3) c = ka u
U ) d *b ..uK
where ka = acidic dissociation constant
k’0 = basic dissociation constant
K — dissociation constant of water
u = total concentration of unionised
forms of the ampholyte.
STalker gave the mathematical treatment for finding 
the concentrations of these ions in any solutions. 
In this treatment it is unnecessary to consider 
whether the undissociated molecules exist as the 
hydrated form (e.g. in the case of glycine)
NHg OH.OH 2.o 0 OH ; th e anhydrous form NH2.OH ;.0 00H, or
in the form of the inner sait NH3.OH2.OOO. The form 
of inner sait composed of two molécules is ruled out 
on aecount of molec ilar weight déterminations/
dätexminat ions which show that glycine exists chiefly 
as single molecules.
The further possibility of the simultaneous 
splitting off of a hydrogen ion and a hydroxyl ion 
leaving the molecule + NHg.CR.g»CQO” was recognised by 
Bredig in 1894 (z,physical. Cham.lig,323 ) who in a 
footnote mentions that botaine “is an inner salt and 
must therefore have on the same molecule a positive 
and a negative cnarge which neutralise each other.
It would be interesting“ he adds “to find out over 
what length of cnain this neutralisation continues.
An optical orientation of the betaine solution in an 
electric field could not be detected." In 1897 
Küster (z. anorg. Chem, 13,135 ) in a paper dealing with 
the use of methyl orange advanced the theory (likewise 
in a footnote ) that the red form of this indicator 
is the molecule +Nii( CH^ )g. CgH^.Ng. CgH^SO'. This 
species he referred to as a “Zwitterion“ which name 
has been largely used in German literature since the
recognition in recent years of the importance of this-
type of molecule. Tue word is literally translated 
into English as “hermaphrodite ion" but it may 
appropriately be referred to as "hybrid ion“. Walker 
(froc.Roy.soc»78a .143 ) recognised the possibility of 
the existence of such ions but considered it was a 
complication unnecessary to explain the facts then 
known concerning ampholytes, 
in/
In 1S23 Bjerrum (B .physikal. Oiiem. ,104,147 ) 
advanced the theory  th a t  the “u n d isso c ia ted “ p a r t  of 
an ampholyte In so lu tio n  ( i . e .  the p a r t  th a t  does not 
occur as ca tion  or anion) e x is t s  p ra c t ic a l ly  com­
p le te ly  in  the form of hybrid ions. Fortunately  
th is  assumption does not in  any way c o n f l ic t  with 
the o lder methods of ca lcu la tin g  the equilibrium  
between , anion, ca tion  and undiseociaued molecules 
so th a t  the work of Winkelblech, w a lle r , Bredig,Mich­
ael i s  and o thers  loses none of i t s  importance. 
According to Bjerrum's theory the d is so c ia t io n  of the 
carboxyl group of an amino acid occurs thus
. R. COO. H =  .R.CGCT -+-
3 1 + 3 I + -
£ c o n c e n t r a t i o n  = a  c o n c e n t r a t i o n  = a
and th e  corresponding acid d is so c ia t io n  constant i s
[sK = -A - ■
A
The d is so c ia t io n  of the amino group is
tt3o +- m u .  r. coo- = +]je3 .r.coo' oh' 
concjentration = A”
and the corresponding basic  d is so c ia t io n  constant i s
K, = a ". Oh"
According to the o lder treatm ent the acid and basic  
d issoc ia tion  constants are given by




The re la tio n sh ip  between tne old and new. d is so c ia t io n  
const ant s /
constants i s  tnus apparent* For, su b s t i tu t in g  A 
for A+ we nave
+- +■ +- + —
iL, =  h-»  = .a .Oil, ri -  0m3 4- 1 ■ ■“A A A -jA . k-D h-D
and K  _  A ~ OH-  -  A «  Q x i ~  QH~.  A ,  \ C  _  Kq-uo
•° "* A" A' ~ A" k £a -̂ a
'
Bjerrum gives a la rge  number of reasons why 
the values of the ac id ic  and basic  constants arrived  
at on th i s  tneory are more- p laus ib le  than the o lder 
values* Tne o lder values show th a t  the amino-carbox- 
y l ic  acids have acid d is so c ia t io n  constants of from 
lo~8to 10” -L° whereas the  carboxylic acids have 
constants from IQ“ 2 to 10~8. Mere s u b s t i tu t io n  of 
NKg fo r  H. i s  u n lik e ly  to produce any such huge 
decrease, On the new theory tne acid constants Kg
have values 10“ 1*5 to 10~5*5 “ somewhat higner than 
the carboxylic ac ids , a s is  to., be expected from the 
fact tha t tne d is so c ia t in g  molecule i s  ^Hgh.R. COO. H 
which, having a +ve charge, w i l l  be more read ily  
able to d is so c ia te  a H+ion than th e  uncnarged 
HR, Coo il, For the amdnosuiphonic acid taurine
ffi2,C2 V S03H tiie vaiue o t  i s  10~°*d which i s  not.
in  agreement w ith  the fact th a t  a l l  sulphoriic acids 
are strong ac ids . The new theory gives K » i  
as i s  to be expected fo r  a strong acid. Similar 
evidence/
evidence i s  obtained from o theracids  and also from 
a consideration  or the bas ic  d is so c ia t io n  constan ts , 
Partner support Tor t h i s  theory i s  got from the 
" fo rm o lt i t ra t io n ” fo r  amino ac id s , in  which formalde­
hyde i s  added and the t i t r a t i o n  can then he done with 
phenolphthalein  as in d ic a to r .  The ad d itio n  or 
formaldehyde causes the b u ffe r  ac tion  in  the region 
or W = 10 to disappear enabling a snarp end poin t 
to he obtained. According to the old theory the 
b u r ie r  ac tion  in  t n i s  region is  due to the COO E group 
hut according to the new theory i t  i s  due to the  NHg 
group. The new theory i s  thus in agreement w ith  th is  
experiment as i t  i s  w ell known tha t the rormaldehyde 
acts on. the amino group not on the acid group.
A ■*" -The estim ation  or the r a t io  - —  i . e .  theA
ra tio  or hybrid ions to amino acid molecules is  one 
o;C g rea t d i f r i c u l t y .
Two methods were suggested by Bjerrum.
F i r s t ly ,  in  the case or an ampholyte which 
undergoes a colour change i n  one or i t s .  modes or 
d is so c ia t io n ,  the hybrid ion w i l l  nave the colour 
¡of the anion o r ca tio n  while the undissociated  
molecule w i l l  have the o ther colour. ¡By measuring 
the e x t in c t io n  c o e ff ic ie n ts  ro r  a c e r ta in  wave length  
in  strongly  ac id , and s trong ly  a lka line  so lu tio n  the 
values fo r  ca tio n  and anion may be found. An 
estimatdoaf the r a t io  of hybrid ion to amino acid 
can/1
5 .
can then he made from a measurement of the ex tin c tio n  
c o e ff ic ien t  of the pure ampholyte in  so lu tio n . This 
met hod does not appear to  have "been used.
A+ ~A second method of estim ating  depends 
on the s o lu o i l i ty  o f the ampholyte in  n e u tra l  s a l t  
so lu tio n s . The e f fe c t  of n eu tra l  s a l t s  on the so l­
u b i l i t y  of EtigR COO If should not be any g re a te r  than 
in  the case pf o ther n o n -e le c tro ly te s .  Tne e f fe c t  of 
n e u tra l  s a l t s  on the s o lu b i l i ty  of ,R. COO“ in 
consequence of the e l e c t r ic  charges should be to 
lower the a c t iv i ty  and increase the s o lu b i l i ty  as is  
always the case when a s a l t  i s  d issolved in another 
s a l t  without a common ion. I f  the leng th  of the carbon 
chain between the charges were very g rea t the s o lu b i l i ty  
e f fe c t  would approximate to th a t  of a common urn-un i­
valent s a l t .  The e f fe c t  must be much le s s  however 
in  ordinary ampholytes owing to the n e u tra l is in g  
action  of the  charges on each o th er . Bjerrum quotes 
one case in  which th i s  was found to be so. The 
s o lu b i l i ty  of methyl orange in  potassium chloride 
so lu tions of d i f fe re n t  concentrations gives a value ■ 
of k, the a c t iv i ty  constan t, about 1/3  of th a t  which
is  found in  the case of un i-v a len t s a l t s .
The converse should also hold. The 
s o lu b i l i ty  o f a s a l t  in  an aqueous so lu t io n  of ampho­
ly tes  should be g re a te r  than in  water owing to  the
| e le c t r ic  charges onnthe ampholyte lowering the 
a c tiv i ty  of the sa tu ra tin g  s a l t  and hence increasing  
i t s  s o lu b i l i ty .
Again the e f fe c t  cannot be so g rea t as in  the
f ta f la  I
6.
7 .
case when the solvent solution is a uni-univalent 
salt of equivalent concentration. One figure is 
given by Bjerruiri in support of this. The solubility 
increment of croceo-co'oaltinitrate in .10 u Glycine 
solution is. ah out1/3  of the increment in the case of 
uni-univalent salt solutions.
These two figures are the only physico­
chemical evidence for the existence of hybrid ions 
in the solution of an ampholyte. T&e arguments 
from analogy by which Bjerrum’s theory seems so 
convincing lead to the conclusion that there are a 
preponderance of hybrid ions in such solutions. If 
so, than a certain affect on solubilities iuust follow, 
the magnitude of which however it is not easy to 
predict. It therefore seemed to the author desirable 
to carry out a more extensive investigation of this 
effect.
The objects of such a research would be to
ascertain
(1) whether the effect is common to all salts
(2) Whether it is common to all ampholytes.
( 3 ) What the magnitude of the effect is in
'different cases, 
and (4 ) Whether the magnitude of the effect varies 
with increasing separation of the charges 




There remains the question  of which is  the 
hast method to adop t:-  the determ ination  or the 
s o lu b i l i ty  or the ampholytes in  s a l t  so lu t io n s ,  or 
the determ ination o:r the s o lu b i l i ty  or s a l t s  in  
ampholyte so lu tio n s ,  a s  i t  was desired  to in v es tig a te  
the e r f  ac ts  with Increasing length  o r  cha in , and' as 
the only se rie s  o r  ampholytes considered ro r  th i s  
purpose was the s e r ie s  or a l ip h a t ic  amino acids i t  
was necessary to use the method or s o lu b i l i ty  or s a l t  
in ampholytes. The g rea t s o lu b i l i ty  o r these 
ampholytes in water renders them unsu itab le  ro r  
s o lu b i l i ty  measurements where genera l, not sp ec ir ic  
a f re e ts  are looked ro r .  I t  was then decided to 
prepare the f i r s t  four members or the -amino acids 
of the r a t ty  s e r ie s ,  i . e .  amino a c e t ic  acid 
(g lyc ine)  /3 amino propionic acid ( /6 a lan in e ) ,  
amino b u ty r ic  acid and <S amino v a le r ic  acid .
In add ition  i t  was decided to malce the in v es t ig a t io n  
more complete by Including an ampholyte with a 
strongly ac id ic  group, -  amino ethane sulphonic 
acid ( ta u r in e )  and one w ith a strongly  ac id ic  and 
strongly bas ic  group /$ -trim ethyl-am ino-ethane 
sulphonic acid ( taurobeta&n<K
The s a l t s  used ro r  ifche s o lu b i l i ty  measure­
ments should r u i r i l  the following requirements.
They should be very sparing ly  so lub le ; ( in  order tha t 
the general and not sp ec if ic  s o lu b i l i ty  e f f e c t s  should 
be/
Toe round), and they should yet be sufficiently soluble 
to enable accurate determinations to. be made in small 
quantities of solution. (This was necessary as, in 
some cases-#and # amino acids-.only a very small 
quantity was available. For this reason it was 
desirable to use. a salt that couM be estimated 
volumetrically, as the accuracy in small quantities 
of dilute solution is then greater than by gravimetric 
methods. For these reasons.two salts were selected, 
one uni-univalent salt, silver bromate, and one uni- 
divalent saltjlead bromide, both of'which can be 
rapidly and accurately estimated using I c.c. of the 
saturated solution. In the course of the research 
it was found necessary to introduce other salts for 
i reasons which will appear. The salts chosen have 
the same requirements. They were thallous bromate, 
thailous thiocyanate and calcium iodate.
10.
The g lycine was prepared lay the common, met nod. 
Methylene amino a c e to n l t r l l e  was prepared from form­
aldehyde , ammonium chloride" and sodium cyanide. I t
was twice r e c ry s ta l l i s e d  from water. The hydrolysis
hydro
of methylene amino a c e to n i t r i le '  was e ffec ted  by 'bromic 
acid which was used in  preference to hydrochloric acid 
owing to the g re a te r  s o lu b i l i ty  o.f ammonium bromide' 
in methyl alcohol. loo gms of methyleneamino - 
a c e to n i t r i le  and 1 l i t r e  of 4Qfi hydrobromic acid were 
heated fo r  3 hours under a re f lu x . S’ormaldehyde and 
d ilu te  acid were then d i s t i l l e d  o ff  u n t i l  separa tion  
of ammonium bromide caused bumping. The contents of 
the f la s k  were then f i l t e r e d  hot and washed with a 
l i t t l e  water. The f i l t r a t e  was then evaporated to 
almost complete dryness leaving a residue of glycine 
hydro/bromide^ and ammonium bromide. This was dissolved 
in  1 l i t r e  of cold methyl alcohol and 100 c .c .  of 
pyridine were added with vigorous shaking. STee 
glycine was p re c ip i ta te d  slowly. A fter standing 
overnight the p re c ip i ta te  was co llec ted  on a f i l t e r  
and washed repeated ly  with methyl alcohol. i t  was 
then dissolved in  hot water and bo iled  w ith animal 
charcoal, f i l t e r e d  and a la rge  excess of methyl alcohol 
added. Glycine was p re c ip i ta te d .  I t  was r e c r y s ta l l ­
ised th ree  times from aqueous alcohol. The m.p. was 
0226 approx. but i t  decomposes in  m elting. The 
Product/was f ree  from halogen and was not fu r tn e r  
analysed.
G l y c i n e .
1 1 .
f i  amino propionic acid* 
p -amino propionic acid  has been prepared by
(1 ) Action of ammonia on /6 iodoproplonic acid
(Mulde r. Ber.. ,j |, 19Q3 ).
(2 ) reduction  of /3 oximlno propionic acid  w ith
sodium amalgam (Pechmann; Annalen 264. 288).
(3 )  reduction  of. cyanacetic  acid w ith zinc arid
Sulphuric acid (Enzel; Ber.,,,8,15.97 ).
(4 ) ac tion  o f a lcoho lic  ammonia an a c ry lic  e s te r
(Werder; G azzetta,l9 , 438).
(5 ) ac tio n  of a lk a lin e  hypobromite on succinim ide.
the
The la s t  ..method is/m ost u se fu l fo r  p reparing  the 
acid. I t  was used by Hoogewerff and van Dorp (Rec.., 
Trav.Chim. 10 § ) and modified by Lengfield and 
S tie g li tz  (Amer. Chem. J . ,15 508 ) and by Hale and Honan 
( J.Amer. Chem.Soc. ,41 774,). The p u r i t ie s  of the acids, 
prepared by these authors seem to. be o:f d if fe re n t 
degrees. Thus Mulder ( Ber, ,9, 1903) g ives nup. 180°; 
Hoogewerf. and van Dorp m.p. 196° and le n g fie id  and 
S tie g li tz  m.p. 206° . The method here used i s
sim ilar to th a t of Lengfield and S t ie g l i tz  as fa r  as 
the stage of the  ester, hydrochloride . There a f te r  
the method used fo r  ob ta in ing  the fre e  acid in  the 
pure s ta te  is  d if f e re n t .
30 gms. of Bromine were d isso lved  in  800 c .c .  
of a iq°/g so iu tc io n  of potassium  hydroxide. 2o gras, of 
succinimide were added and the so lu tio n  slowly heated 
to 60° and kept between 60° and 70° fo r 2 - 3  hours. 
The/
The so lu tio n  was then cooled, in  i c e , ac id ified : w ith  
hydrochloric acid , and evaporated to. dryness on the' 
steam hath . The residue which consisted  ch ie fly  of 
potassium ch lo ride  along w ith the ' hydrochloride of 
ft  aminc-propionlc acid and some su cc in ic  ac id , was 
dried completely in  a vacuum d e s ic c a to r . I t  was 
then placed in  a continuous e x tra c tio n  apparatus of 
Paterson’s design  and exhausted w ith absolute a lcohol. 
XJiis. d isso lved  out theorganic. m atter leaving  the 
potassium ch lo ride  which i s  only very s l ig h t ly  soluble 
in absolute alcohol.
For tChe is o la t io n  of the pure amino acid 
various processes involving the use- of le a d , barium 
and s i lv e r  compounds have been t r i e d .  Of these the  
simplest is  th a t  described by Lengfield and s t i e g l i t z  
of e s te r ify ln g  the amine acid  hyd roch lo ride , hydrolys­
ing the e s te r  w ith  b a ry ta , p re c ip ita t in g  the bary ta  
with excess of su lphuric  a c id ,. fre e in g  the so lu tio n  
from excess of su lp h u ric  acid by b o ilin g  w ith  lead 
oxide, and from the f in a l  so lu tio n  c ry s ta l l is in g  the 
free amine ac id . This method has the' obvious d is­
advantage th a t the f in a l  product w il l  not be fre e  
from chlorine-, owing to. the appreciable s o lu b il i ty  of 
lead ch lo rid e . seve ra l attem pts were made to pre­
pare the acid by th is  method but in  only one case 
could the product be induced to c ry s ta llis e -  and in  
th is  case i t  was found to  be im possible to. free  the 
c ry s ta ll in e /
1 3 .
13 .
c ry s ta llin e  hygroscopic product from c h lo rid e . After 
a, few t r i a l s  the follow ing method was found to  give 
a pure white non-hygroscopic.. c ry s ta llin e ; product.«
The e x tra c t  contain ing  the amino-acid 
hydrochloride (a lread y  p a r t ia l ly  e s te r i f ie d  by the 
hot a lcoho l) along w ith  some succin ic  acid and some 
potassium ch loride ' was placed in  a f la s k  and dry 
hydrochloric acid, passed in . u n t i l  the  a lcoho lic  
so lu tion  was satu rated*  When the' alcohol d o lled , 
owing to the g re a t heat of so lu tio n  o f HC1 in  a lcohd l, 
the f la sk  was cooled in  ice and more HOI p a sse d /u n til  
the so lu tio n  would adsorb no: more HC1 in  the cold .
EThe liq u id  was allowed to stand overnight and decant­
ed from KCl which was completely p re c ip ita te d . The 
alcohol was evaporated o f f .  The residue' con sis tin g  
of the hydrochloride of A am ino-propionic e s te r  and 
succinic e s te r  was d isso lved  in  hot w ater and doiled  
with excess of barium hydroxide fo r 1 hour«, to  
hydrolyse- the e n te r s . T&& so lu tio n  was cooled and 
f i l te r e d ;  a s l ig h t  excess of hydrochloric acid was 
added, and the so lu tio n  evaporated to  dryness. The 
residue contains barium ch lo rid e ,, succ in ic  acid  and 
the hydrochloride of /3-amino propionic ac id . I t  was 
washed repeated ly  w ith anhydrous e th e r  to  remove the 
succinic ac id , and then repeated ly  w ith absolute 
alcohol to. d isso lve  the hydrochloride. The alcohol­
ic  ex trac ts  were mixed w ith w ater and evaporated to: 
toyness. The w ater waa added to. prevent the form ation 
of e s te r / *
14.
of e s te r  which takes place' when the hydrochloride is  
heated w ith absolute alcohol* By ex tra c tin g  in  the 
hold veiy l i t t l e ,  i r  any, e s te r i f ic a t io n  takes p lace . 
The f in a l  residue: of the hydro ch lo ride  of [3- amino 
propionic acid was white and c ry s ta l l in e  and i t s  
so lu tion  In  d i s t d l l e d  w ater g ives no p re c ip ita te  
with su lphuric acid (absence- of barium) o r  w ith 
barium n i t r a te  (absence o f su lp h a te ).
The hydrochloride was d isso lved  in  water 
and excess of f re sh ly  p re c ip ita te d  s i lv e r  carbonate 
was added. Into  the  f i l t e r e d  so lu tio n  was passed 
hydrogen sulphide to elim inate the s i lv e r  and the 
f i l t r a t e  from th is  was evaporated to  dryness giving a  
c ry s ta llin e  residue which was re c ry s ta l l is e d  twice 
from aqueous a lcoho l. The acid i s  very so luble in  
water but apparently  q u ite  in so lub le  in  a l l  organic
solvents. Y ield 4. gms. from 20 gms.. of succlnlmide-.
'
I t  melted w ith decomposition a t 204° C (c o rr . ).
Melting po in ts given in  the l i t e r a tu r e  are 
180° Mulder (B e r ., 9 1903 )
196° Hoogewerf and van Dorp (Rec.trav.Chim . 10. &) 
206° le n g f ie ld  and S t ie g l i tz  (Amer. Chem. J . 1£ 508) 
The analyses of the compound fo r  n itrogen  was done by 
the Micro K jeidahl Method of Pregl using  r / 70 so lu tio n s  
of HCl and iiaOH, and methyl red as in d ic a to r . 1 c .c .. 
of the- acid so lu tio n  corresponds to  .0002 gm of 
nitrogen.
R e s u l t s  /
15.
1 . wt.. or acid  .0313 gnu
V ol.or acid used up = 24.40 c .c .
.  \  <f> o r  N = 2 4 . 4 0  X . -0002  1 Q 0
.0313
R e s u l t s »
2. Wt.. 0.r acid  .0285. gm.
Vol.. o r acid used up r  22.30 c .c .
4, Qf  N = 22.3 X .000273 OJ. JN -    .   X  1 0 0
.0285
c/o or N ( round )
fo or iT (c a lc . )
» 15*60 fo 
15. 65$
“ —  = 15.7-3$ 89
16.
 ̂ amino b u ty ric  acid lias "been obtained by tiie 
following methods.
1 ». by the ox idation  of p iperid ino -fo rra ic  e s te r
2. from Jf'-chlor b u ty ro n itr i le  by the ac tion  of 
potassium phthalim ida and subsequent 
hydro lysis .
3» from ethylene dibromide by a combination of 
the phthalim ide and malonic e s te r  syntheses..
4, by the hydro lysis of p y ro llidone .
Methods 1 , 3 and 4 have been t r ie d  in  the 
attempt to o b ta in  a good y ie ld . 
t- amino b u ty ric  acid from p ip e r id in e .
This method was described by Schotten who 
obtained an acid which he named p ip e r id in ic  acid . 
(Ber,l6 646). I t  was also used by G abriel, who 
id en tified  the acid  obtained w ith  <^-amino b u ty ric  
acid synthesised by him by method (2 ) . ( s e r .  S3 1771.) 
¿ reparation  of P rperld ino-form ic e s t e r .
1 mol. of e th y l chloroform ate d issolved  in  
ether was slowly dropped in to  2 mobs, of p ip erid in e  
in a large excess of e th e r  Kept cool by a freezing  mix­
tu re , a v io le n t re a c tio n  tooK p lace . P iperid ine
as
hydrochloride sep a ra ted /a  bulKy so lid  which was 
f il te re d  o ff and the so lu tio n  evaporated. P iperid ino - 
formic e s te r  was l e f t  as a co lo u rless  o i l  which d is ­
t i l le d  unchanged a t 2 i i° c .
S C5ltLQ1'IIi -C1.C00 lit = (yij^NH.HCl + 0,-11^.H. COO Et
The y ield  ^as 9q̂ /5 -¡^e tneo ry .
y -  amino b u t y r i c  a c i d .
25 c .c .  o r the e s te r  were slowly dropped in­
to 50 c .c . or cooled ruming n i t r i c  ac id . The solutjibn
was poured in to  w ater and ex trac ted  w ith  e th e r; o:n 
or the
evaporation w itfh/ether a viscous pale yellow liq u id  
remained (about 3 c .c .  rrom 25 c .c .  or the  e s te r ) .
This was put in  a Carius tube w ith  15 c. •c . or con­
cen trated  hydrochloric acid  and heated to 140° ror 
2 hours. The tube was opened and the contents 
evaporated on the steam bath . The residue was d is s ­
olved in  w ater, bo iled  w ith s i lv e r  carbonate, r i l t e r e d ,  
trea ted  with hydrogen su lphide, r i l t e r e d ,  and evaporat­
ed to sm all volume. On adding a large excess or methyl 
alcohol a sm all quan tity  or a syrup was p re c ip ita te d . 
A lter prolonged washing w ith  e th e r , t ie  syrup was 
dissolved in  a very l i t t l e  water and excess or methyl 
alcohol added, A very sm all quan tity  or a l ig h t 
brown c ry s ta ll in e  substance appeared, which melted 
about 180°. (G abriel 184°. M.P. or the pure acid 
obtained by o th e r metnods 204°- 206° ). I t  was re ­
c ry s ta ll is e d  sev era l times but in  a l l  cases i t  was 
extremely d i r r i c u l t  to induce c r y s ta l l i s a t io n  and the 
product was always s l ig h tly  coloured, although boiled  
with animal charcoal repea ted ly . The M.P. was 
ra ised  to 190° but by th is  time the y ie ld  was too, 
small to be o r use-. An analysis however showed 
approximate ly  /
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oxidation of •piuerldlne formic ester«
wt. or acid = .0285 gm.
v o l.o r  ts¡70 acid = 1 9 .so c .c .
(round) X .OOOS X 100 = 13.48c!o' .0285
(calc. ) " 1~ X  100 = 15.6Q^b
y a.mi n o  bu ty ric  acid ¿rom e t hylene dloromida . 
P reparation or ^brom ethyl phthallm lde.
30 gas. o r potassiura phthallm ide (obtained p y  
the mixing or a lcoho lic  c a u s tic  po tash  w ith  an ec^ui- 
molecular amount or phthalim ida in  b o ilin g  alcoholic  
so lu tio n ), and 100 gms. or ethylene dibromide were 
placed in  a r ia s k  f i t t e d  w ith  a re llu x  condenser and 
with an e r r ic le n t  s t i r r e r ,  the stem or which was water 
cooled above the po in t at which i t  en tered  the r ia sk . 
$he mixture' was heated in  an o i l  bath  kept a t 180-190° 
for 24 hours w ith vigorous mechanical s t i r r in g .  The 
excess or ethylene dlbromide was d i s t i l l e d  o rr and the 
bromo-ethylphthalimlde was ex trac ted  Irom potassium 
bromide by re flu x in g  w ith 100 c .c . or absolute alcohol 
Tor l-£ hours, A rter d i s t i l l i n g  o rr  tne alcohol the 
residue was reriuxad  w ith  loo c .c .  o r carbon d isu lph ide 
which l e r t  undissolved the d iphthallm i doe thane . A fter 
d is t i l l in g  o rr  the carbon d isu lphide there  remained 
about 15 gms. or l ig h t  brown c ry s ta ls  or yS-bromoe-thyl 
Phthalimide which me'lted a t 78°c. A re c ry s ta l l is e d  
portion was co lo u rless  and m elted at’ 82°C.
Condensation/
1 8 .
approximately correct nitrogen content,
C o n d e n s a t i o n  of A ^roiaoethylphthallralde w i t h  sodio- 
m alQ .n lc  e s t e r *
1,2  gms., of sodium were d isso lved  in  12 c .c .  
of absolute alcohol and 10 gms.. of malonic e s te r  
^added. The c le a r  so lu tio n  was mixed w ith  10 gms. of 
^bromo-othyl phthalim ide and re f  raxed fo r 4 hours, 
sodium Or amide separated  in  tne flasfc. The alcohol 
and unchanged malonic e s te r  were d i s t i l l e d  o f f  in  
steam and the re s id u a l o i l  ex trac ted  w ith  e th e r ,  A fter 
rep a ra tio n  of tne e th e r , the syrupy residue ( ah out 
5 gms. ) was heated in  a sealed  tuhe w ith 15 c .c .  of 
concentrated hydrochloric acid to  180° fo r 3 hours.
On opening the tuhe the contents were f i l t e r e d  from 
phthalic acid and the residue cons 1 siting of the 
hydrochloride of ^-amino h u ty ric  acid was dissolved 
in  w ater, h o iled  w ith s i lv e r  carbonate, f i l t e r e d ,  
treated  w ith Hs s , f i l t e r e d ,  evaporated to dryness, 
washed with e t h e r , re c ry s ta l l is e d  from aqueous a lcohol. 
Yield about ■§■ gm. The product was pure white and 
c ry sta llin e  and melted a t 202°c (c o r r . ).
_ X amino b u ty ric  acid from •p.vrrolldone.
This method i s  apparently  the best method 
of preparing ^amino b u ty ric  ac id ; as i t  g ives almost 
quan tita tive  y ie ld s .  Pyrralidone i s  obtained in  good 
yield according to Tafel and S tem  (Ber. ,33 2224) by 
the e le c tro ly t ic  reduction  of succinimide in  su lphuric 
acid so lu tion  in  a lead cathode' v e sse l. This reduct­
ion according to  Tafel and S tern  is  prevented by 
traces/
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traces of e th e r m etals. Whether the v esse l used was 
impure or in  some o ther way the exact conditions were
not f u l f i l l e d ,  I obtained only sm all y ie ld s  of
-
pyrrolidone, although in  a l l  cases some was undoubtedly 
formed as evidenced by the c h a ra c te r is t ic  sm ell.
34 gms.Qf suecinimide were d isso lved  in  50fo su lphuric 
acid to make 113 c .c .  of so lu tio n  in  a beaker shaped 
lead cathode o f 60 mm. in te rn a l  diam eter and 80 mm. 
height. A porous pot of 31 mm. ou ter diam eter was 
used to con tain  tne anode so lu tio n . The anode 
consisted of a lead  rod kept cool by a s p ira l  c o il  
through which cold water from the tap  was c irc u la te d ..
A current o.f 14 auper.es, was passed fo r 7 hours,
(current density  120 amp,»ratio o f cathode surface to 
cathode volume i : i ) .  The l iq u id  in  the cathode 
compartment was then d ilu te d  w ith w ater, n e u tra lise d  
with barium carbonate and f i l t e r e d  and the w ater 
d is tille d  o ff under reduced p ressu re . a  yellow o i l  
remained which d i s t i l l e d  at 250° • This was p y r ro l i -  
done. The pyrrolidone was bo iled  w ith  concentrated 
tydrcjchloricoacld fo r  6 days and the product 
evaporated to  dryness. The p a r t ia l ly  c ry s ta ll in e  
residue was d isso lved  inuw ater, t re a te d  with excess of 
silver car.tK&iate and f i l te r e d ; ;  the f i l t r a t e  was tre a te d  
with HgS and f i l t e r e d ;  and the f i l t r a t e  was evaporated 
to dryness.. The re sid u e  was dissolved. In  the minimum 
quantify of w ater, about 4 times the bulk of e th y l 
alcoho l  I
2 0 .
alcohol was added and e th e r  u n t i l  a p p t. ju s t  
appeared. On standing a white c ry s ta ll in e  so lid  
separated which was f i l t e r e d  o f f  and re -c ry s ta llised  
twice from pure w ater. Ahout l-jjf grn. was obtained.
The M.F. was 202. 5 °(co rr. ).
(The Analyses were done by the M icro-Kjehldahl method 
Analyses.
1. wt. of acid .0323 girt.
vo l. o f  h /70 acid used up = 21.82 c .c .
. . <jn n f  W -  21.83' X .0002 x  100 = 13.0323 Xv'*
2. Wt.Of acid .0350
v o l.o f  h/ 7Q acid used up 23.80 c .c .
fo of N = 23.80
— ■—  X .0002 X 100 ~ 13.60c/o .0350 '
21 .
ft of N (ca lc . ) 14 X 100 = 13.60 f
33.
amino v a le r ic  acid was obtained by 
schotten (B e r .,17,2546 and 21,2340 ) who oxidised  the 
U-benzoyl d e r iv a tiv e  o f  p ip e rid in e  wit'n potass!urn 
permanganate in  presence of d i lu te  su lphuric  acid .
The product was heated in  sealed tubes w ith 
concentrated hydrochloric acid and from the re su ltin g  
solution he worked up an acid which he named 
"homopiperidinie acid". G abriel ( Ber. ,25 ,1769 ) used 
| a malonic e s te r  sy n th es is . Prom V brom-propyl 
iphthalimide and sodio-rnalonic e s te r  he synthesised  
Y amino b u ty ric  acid and showed th a t i t  was id e n tic a l
¡with Schotten’s acid . This was the method I adopted
for i t s  p repara tion .
Preparation of .X 3rom Pro pyl bht h a lf  ml da .’i»1*  « ■ ■■ — — mm wm mL. ■.»_ ■ m m m. .« .-•<  —■ — -̂c-am
This has been prepared by G abriel I Ber. ,21
2671), a ie  method was modified in  sev e ra l respects
and the method here used was id e n tic a l  w ith th a t used 
in the p repara tion  of/3-brom  e th y l phtnaiim lde (.see 
V* \ 8 ). 5q gms. t  rime thylenbromide and 2o gms.
potassium phthalim lde ware placed in  the  flash ;.the 
s t ir re r  was s ta r te d  and the whole heated to 180° fo r 
12 hours. The excess of trim ethylene bromide was 
then d is t i l le d  o f f /
£  amino v a l e r i c  a c id »
S 3 .
off and the residue was ex trac ted  w ltii Dolling carbon 
dlsulphide which l e f t  aDout 10 gms. o f diphthalim ido- 
-propane* The' carbon d isu lpnide was d i s t i l l e d  o ff and 
the syrupy residue than  se t to a hard mass wgieh was 
re c ry s ta llise d  twice from aqueous a lcoho l. The 
melting point, of tne product was 70° C. G abriel g ives 
72° as tne M. P. of pure X Brom-Propyl p iitnalim ide. 
The y ie ld  was atoout 4 gms. The process was repeated 
three times Dut in  no case was a la rg e r  y ie ld  secured, 
a large amount of diphthalim i do-propane Deing obtained 
in a l l  cases.
Condensation of cx brom-prooyl ohthallrnide w ith  sodio- 
malonlc ester..
1..2 gms.. of sodium were d isso lved  in  12 c .c .  
of absolute alcohol and 10 gms of malonic e s te r  added. 
To: the c lea r so lu tio n  was added 10 gms X brom-propyl 
phthalimide and the mixture refluxed  fo r 4  hours.
The excess of malonic e s te r  and alcohol were d i s t i l l e d  
off in steam and the o i l  which remained at the foot 
of the flaslc was ex trac ted  w ith e th e r . A fter 
evaporation of the  e th e r  the syrupy residue se t to  a. 
crysta lline mass (about 4 gms. ) which was placed in  
2 portions in  sea led  tubes w ith 15 c .c .  of concen­
trated hydrochloric acid in  each. The tubes 
were heated to, 180° fo r 3 hours. On opening the 
tubes the contents were found to  be- almost s o lid , 
owing to separated p h th a lic  ac id . This was f i l t e r e d
Off/
off and the residue evaporated to: dryness; the
residue consisting  ch ie fly  o f the hydrochloride of
-̂ amino bu tyric  acid  was repeated ly  washed w ith e th e r
to remove any p h th a lic  ac id , d isso lved  in  w ater,
boiled with animal charcoal, f i l t e r e d ,  bo iled  w ith
silver carbonate, f i l t e r e d ,  bo iled  w ith k2$ f i l t e r e d
and evaporated to diyness; i t  was tnenw.ell washed
♦
with.,iither and re c ry s ta l l is e d  from aqueous alcohol
twice* Yield about £ gm.
^ -%■The M.P. was 165 .
Analysis by Micro K jehldahl method
Wt. o f acid  .0275 gm.
Vol. of n/?0 acid = 16.40 c .c .
*t° N “  T o t f b ' ’ -*  * 0 0 0 2  X 1 0 0  =  1 1 . 9 3 $  
(c a lc . ) = = 1 1 . 97$
.*
Ihls is  10° h igher than th a t found by G abriel and 
7° higher than th a t found by Schotten.
34 .
T aurine. 
fh amino-ethane sulphonlc acid .
This acid  was wade by the jtethod recen tly  
described by Marvel, Bailey and Sparberg ( J.iimer.Chem. 
Soc. , 1924,49,1833). Their method co n s is ts  in  
allowing sodium /3 -bromo-ethana sulpnonate to  react 
slowly in  the cold w ith ammonia in  concentrated 
aqueous so lu tio n , evaporating the residue and re -  
c ry s ta llis in g  from aqueous alcohol to separate  
taurine from sodium bromide.
P r e p a r a t i o n  o f  3 0 d i u m  b r o m o  e t h a n e  s u l b h o n a t e .
In a 3 l i t r e  f la s k  f i t t e d  with re flux  con­
denser, a mechanical s t i r r e r  and a tap  funnei,w ere 
placed 300 gms. of ethylene dibrom ide, 600 c .c . 
absolute alcohol and 225 c .c . of w ater. The s t i r r e r  
was s ta r te d , the mixture heated to b o ilin g  and 60 gms. 
of anhydrous sodium su lp h ite  d issolved  jin  225 c .c . ,  
of water was slowly added from the dropping funnel 
over a period of about two hours. The h o ilin g  was 
continued fo r 2 hours longe>r and tne excess of 
ethylene bromide and alcohol were d i s t i l l e d  o f f .  The- 
remaining so lu tio n  was e-vaporated to dryness: on the 
steam bath. The sodium -bromo-ethane' sulphonate 
was extracted  from sodium bromide and sodium su lp h ite  
by boiling w ith 1 l i t r e  of 95?jo aqueous alcohol and 




2~bromo-e thane sulphonafce was ob ta ined , which con­
tained a sm all q uan tity  of sodium bromide but was not 
fu rther p u r if ie d . Yield 51 grams.
Br CgH^Br + ha S03iia = haBr + Br Osii4SO ha.
Preparatio n  of Taurine.
50 grams, of sodium 2 Promo ethane sulphonate 
was dissolved in  1 l i t r e  of concentrated aqueous 
ammonia and allowed to stand fo r  seven days in  the 
cold, T jie  so lu tio n  was then evaporated to dryness; 
the residue was d isso lved  in  a l i t t l e  hot w ater, 
boiled with animal charcoal, f i l t e r e d  and concentrated 
to about 50 c .c .  About 200 c .c . of b o iling  alcohol 
were then added and the  so lu tio n  allowed to cool.
On cooling a la rg e  quan tity  of c ry s ta ll in e  p re c ip ita te  
separated, which contained a considerable amount of 
bromide. The process of d isso lv ing  In  hot w ater, 
adding hot a lcohol and cooling  was repeated 3 times
whan a c ry s ta ll in e  p re c ip ita te  free  from bromide was
■ '
obtained. The product was re c ry s ta l l is e d  twice from 
pure water giving fin e  p rism atic  c ry s ta ls .
Br CHg.CHg.SO^ha + m  = hH^.OHg.Cttg.SOgh+haBr
As u sual the product was analysed by the'
Micro Kjenldahl method but i t  always ggtve low re s u l ts .  
Even on very prolonged hea ting  (3 days ) w ith con­
centrated su lphuric acid  and an equal weight of potass­
ium klsulphate using mercuric su lphate , o r potassium 
perchlorate /
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perch lorate  as c a ta ly s t ,  the substance was not com­
p le te ly  decomposed« This was most re a d ily  seen 
when a copper s a l t  was used as c a ta ly s t , as the 
so lu tio n  then re ta in ed  the blue co lour of a complex 
copper s a l t  even a f te r  b o ilin g  w ith concentrated 
sodium hydroxide.
Typical r e s u l ts  were
p i  6.56; 10.71; 10*33; 7.61; 9.43;
10.48; 1 0.7 4; a.si;
p  (c a lc u la te d )  = i l .  so %
The analyses fo r the sulphur content were done by a 
Micro-Carius Method, using 6 inch leng ths of hard 
glass tubing sealed at one end. The weighed acid 
was introduced in to  such-a tu b e , and SO drops of fuming 
n i t r i c  acid added. Tne tube was then sealed and 
heated to 300° fo r 2 hours, cooled, and opened. The 
contents were rin sed  out and evaporated twice with 
concentrated HC1 to elim inate n i t r a te .  The sulphate 
was then p re c ip ita te d  as BaSQ  ̂ and weighed in  Gooch 
Crucible'S.
R esu lts . (1 )  Wt* of tau rin e  .0348
w t.o f BaSQA .0646
4a Of S -  .0646 X 32 x 100
‘ .0348 X  233.4
= 25.44
(2 ) wt. of tnn rine .0370
Wt. of BaSO  ̂ .0689
4 o f S = .0689 x 32 X 100
.0370 X 233.4
« 25.53i " 1—1 ™
°]q of S ( ca lcu la ted  ) = 25.60
An analysis fo r n itrogen  was tnen made by the Dumas 
combustion method.
23 .
T h i s  w a s  d o n e  i n  t h e  o r d i n a r y  t y p e  o f  c o m b u s t i o n  t u b e  
b u t  a  m i c r o - n i t r o m e t e r  o f  l  c . c .  c a p a c i t y  w a s  u s e d  
f o r n c o l l e c t i n g  t h e  n i t r o g e n .
R e s u l t .
W t .  o f  t a u r i n e  =  . 0 0 7 0 0  gin.
V o l . o f  n i t r o g e n  =  . 6 70 c . c .
T e m p e r a t u r e  =  i 7° c
P r e s s u r e  =  760  m .m .
• . . V o l .  o f  N 2 a t  N . T . P . -  *670  x 373
290
. 6 7 0  x 273  14 x 100
Cl° o f  N ~  290  1 1 , 2 0 0  «007
=  1 1 . 3 5 #
JL
125
| #  o f  N ( c a l c u l a t e d )  =  ~ ~  =  1 1 . 2 0 # .
Irimethylamino-e thane sulphonic acid .
in i  3 sun stance was apparently  prepared in
1885 by James (J.pr.Chem . (2 ) 31, 418) who heated
the trim et’nylamine s a l t  or A  chlorethane sulphonlc
acid with a lco h o lic  trim etnylam ine so lu tio n  in  sealed
tunes. He obtained a substance to wnicn ne ascribed
t'ne rormula ( 0H5 )gW. CgH .̂ SOg.OCH  ̂ but which
certainly
f.rom i t s  p ro p e rtie s  is  a lm o s t/id en tica l w ltn tau ro - 
betaine. m e method is  not a good one i'or the 
preparation o f  tau robeta ine as the y ie ld s  are small 
and the s ta r t in g  substance ( A chlor-ethane sulphonic 
acid) is  very d i r r i c u l t  to prepare.
A b e t te r  method ro r  the p rep ara tio n  is  round 
in the ac tion  or sulphur dioxide on neu rlne . ( t r i -  
methyl-vinyl ammonium hydroxide ) Schmidt and Wagner 
(Annalen 337 63 ) round th a t  an aqueous so lu tio n  or 
neurine absorbed sulphurous acid when i t s  so lu tio n  
saturated with S0S stood in  the cold ror severa l days. 
On evaporation or the so lu tio n  small white c ry s ta ls  
which did not melt at 250°C were ob ta ined . In is  
method was used and was raund to give a r&lr y ie ld  
or very pure product.
¿reparation o r Bro mo choline Bromide.
Equimolecular q u a n tit ie s  or dry trim ethy l- 
and ethylene dibromide were heated in  sealed 
tube«; to 70°ro r 12 hours. By this time the contents 
or I
3 9 .
l a u r o b e t a l n e .
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of the tubes nad completely c ry s ta l l is e d . The 
cry sta ls  were washed twice w ith  e th e r  and re c try s ta llis -  
ed from absolute alcohol g iving a f a i r l y  pure product.
The yie Id  was 90£/o of the tneory . The bromocholine 
bromide was again re c ry s ta l l is e d  from alcohol and the 
M.P, was then found to  be 231 Kenshaw (J. Arne r .  Che m.
Soc*, 34» 1618) found 235.5°and Bode (Annalen 267,268) 
found 230°.
Preparation of Neurlne and Taurobetaine.
40 gms. pure bromoclgiline bromide were d is ­
solved in  w ater, cooled in  ic e , and shaken w ith  80 
gm. of fre sh ly  p re c ip ita te d  s i lv e r  hydroxide, u n t i l  a 
f i lte re d  p o rtio n  no longer reacted w ith  s i lv e r  n i t r a t e i  
This method of preparing a so lu tio n  of neurine is
1
described by Meyer and Hopff (Ber.., jj4 2277 ). The 
solution which was then  rap id ly  f i l t e r e d  contains the 
neurlne, which is  a very unstable ' substance. The
■
aqueous so lu tio n  was at once sa tu ra ted  w ith S02 and
allowed to stand in  the  ice-house fo r 5 days when i t
was evaporated to  dryness and the residue c ry s ta ll is e d
and re c ry s ta ll is e d  3 times from aqueous alcohol.
Yield 5 gms. from 80 gms. of bromochollne bromide'.
Br. OHg. CHg.Br +■ K ( CĤ  3= Br. CH2 . CHg. N( CH3 )gBr
bro mo choline bromide.
Br, CHS. CH2.M( CHg )3Br + 2AgOH « CHg :CH.N( CH3 )30H + 2AgBr + HgO
ne urine




The substance does not melt at 550 and at higher 
temperatures i t  chars w ithout m elting.
Analyses. N itrogen by Micro K jehldahl Method.
(1 )  w t,o f tau robe ta ine  .0615 gm.
v o l.o r N/70 acid 25.92 c .c .
<1® = ££±$2. x .0002 = 8.424
.0615 '
(2) wt.. or taurobeta ine  . o686
Vol.or n/ 70 acid 26.30 c .c .
f it = x  .0002 = 8.405i
.0627
fk or N (c a lcu la ted  from formula 
( CH3 )3 N. Chs . CHa . S 0 3 )
= 8.38 jo
j> or N ( ca lcu la ted  rrom form ula
( Cii3 )3,0ii. N. CHg. Chg. S03h
= 7.54
Thus the rorm ula is  the  anhydrous i'orm.
Sulphur by M icro-Carius Method.
(U  wt .o r tau robe ta ine  .0358 gm. 
'4
.0502 x 32
Wt.Of BaS04 .0502 gm.
^  =  2 3 3 7 4 ^ 0 3 6 8  =  » • » *
(2) w t.o r tau robe ta ine  .0301
wt,ofBaS04 .0421
4s = • 0421 X_J52_ 100 = 19.184.
233.4 .0321 1
°jo or S ( calc .rrom  rormula ( CH^; ) N. CHg.CHg 
= 19.16<jo
'jo o r S (ca lc .rrom  formula ( CH3 )3.0H.N.CHg 
= 17.30
Thus the formula is  undoubledly the anhydrous form.
EXPERIMENTAL I.
P r e p a r a t i o n  o f  t h e  s a l t s .
T h e  s a t u r a t i n g  s a l t s  w e r e  a l l  p r e p a r e d  b y  
s lo w  p r e c i p i t a t i o n  i n  d i l u t e  a q u e o u s  s o l u t i o n  u s i n g  t h e  
p u r e s t  r e a g e n t s  o b t a i n a b l e .
S i l v e r  b r o m a t e  w a s  p r e p a r e d  b y  a d d i n g  a  d i l ­
u t e  s o l u t i o n  o f  p o t a s s i u m  b r o m a t e  ( M e r c k ’ s  A .R .  ) t o  
e x c e s s  o f  a  d i l u t e  s o l u t i o n  o f  S i l v e r  N i t r a t e  ( a . R .  ),
The p r e c i p i t a t e  w a s  w a s h e d  m a n y  t i m e s  b y  d e c a n t  a t  i o n  
w i t h  d i s t i l l e d  w a t e r  a n d  t h e n  f i l t e r e d  w i t h  s u c t i o n  
and w a s h e d  m any  t i m e s  o n  t h e  f i l t e r .  T h e  s i l v e r  
b r o m a t e  w as  t h e n  r e c r y s t a l l i s e d  b y  p a s s i n g  s t e a m  i n t o  
a  s u s p e n s i o n  o f  i t  i n  w a t e r  u n t i l  t h e  s o l u t i o n  was  
i b o i l i n g ,  t h e n  f i l t e r i n g  h o t .  The  s i l v e r  b r o m a t e  
s e t t l e d  a s  a  w h i t e  m i n u t e l y  c r y s t a l l i n e  p r e c i p i t a t e .
T h a l l o u s  b r o m a t e  w a s  p r e p a r e d  i n  t h e  s a m e  way
f rom  a  r e c r y s t a l l i s e d  s a m p l e  o f  t h a l l o u s  n i t r a t e  
*
(B .D.H.  ) a n d  M e r c k ' s  p o t a s s i u m  b r o m a t e .  I t  w a s  l i k e ­
w i s e  a  ’W h i t e  m i n u t e l y  c r y s t a l l i n e  p r o d u c t .
T h a l l o u s  t h i o . c y a n a t e  was  p r e p a r e d  f r o m  r e ­
c r y s t a l l i s e d  t h a l l o u s  n i t r a t e  a n d  am m onium  t h i o c y a n a t e  
U . 'R ,  ) i t  w a s  o b t a i n e d  a s  t h i n  p l a t e s  w i t h  a  g r e e n i s h  
y e l l o w  l u s t r e .
L e a d  B r o m i d e  w a s  p r e p a r e d  f r o m  r e c r y s t a l l i s e d  
l e a d  a c e t a t e  a n d  p o t a s s i u m  b r o m i d e  ( K a h l b a u m ’ s  f u r  A n a l y s e )  
I t  I
I t  w as  r e c r y s t a l l i s e d  toy d i s s o l v i n g  i n  h y d r o o r o m l c  
a c i d  ( d e n s i t y  1 . 5 )  a n d  s l o w l y  a d d i n g  w a t e r  t c  t h e  
s o l u t i o n .  T i l l s  p r e c i p i t a t i o n  w a s  r e p e a t e d  t w i c e .
Lead  to r a m i  d e  w a s  p r e c i p i t a t e d  a s  a  v e r y  b u l k y  tout  
c r y s t a l l i n e  p r e c i p i t a t e  w h i c h  a f t e r  w a s n i n g ,  f i l t r a t ­
i o n  a n d  d r y i n g  w a s  a  n e a v y  w h i t e  p o w d e r  w h i c h  r a p i d l y  
d a r k e n e d  o n  t h e  s u r f a c e  w h e n  e x p o s e d  t o  l i g h t .
C a l c i u m  l o d a t e  was  p r e p a r e d  f r o m  r e c r y s t a i l -  
i s e d  c a l c i u m  c h l o r i d e  a n d  p o t a s s i u m  i o d a t e .  a s  i t  
was n o t  c o n s i d e r a b l y  m o r e  s o l u b l e  i n  h o t  t h a n  i n  c o l d  
w a t e r  i t  w a s  n o t  r e c r y s t a l l i s e d ,  tout  w a s  v e r y  t h o r o u g h l y  
w ashed  w i t n  l a r g e  q u a n t i t i e s  o f  h o t  w a t e r .
BXPliHIMTAL 2.
P r e p a r a t i o n  o f  t h e  s a t u r a t e d  s o l u t i o n s .
T h e  s o l u t i o n s  o f  t h e  a m i n o  a c i d s  w e r e  
made f r o m  a c c u r a t e l y  w e i g h e d  q u a n t i t i e s  o f  t h e  p u r e  
a c i d s  made u p  w i t h  c o n d u c t i v i t y  w a t e r  i n  s t a n d a r d  
f l a s k s  t o  t h e  r e q u i r e d  v o l u m e .  The  s a t u r a t i o n  o f  
t h e  s o l u t i o n  w i t h  t h e  s a l t  w a s  c a r r i e d  o u t  i n  5 0  c . c . ,  
J e n a  g l a s s  c o n i c a l  f l a s k s .  A b o u t  20  c . c .  o f  t h e  
s o l v e n t  s o l u t i o n  w a s  p l a c e d  i n  e a c h  f l a s k ' ,  i n  t h o s e  
c a s e s  w h e r e  l i t t l e  o f  t h e  s o l v e n t  w a s  a v a i l a b l e  i . e .  
^ • a m i n o - b u t y r i c  a c i d  a n d  a m i n o  v a l e r i c  a c i d ,  o n l y  
5 c . c .  o f  t n e  s o l u t i o n  w as  u s e d .  A n  e x c e s s  o f  t h e  s a l t  
Was t h e n  a d d e d .  I n  s o m e  e x p e r i m e n t s  t h e  s o l u t i o n  
was t h e n  w arm ed  f o r  a n  h o u r  t o  a b o u t  4 0 ° ,  b e f o r e  b e i n g  
^ o p p e r a d  /
33.
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s t o p p e r e d ,  t o  e n s u r e  t h a t  s u p e r s a t u r a t i o n  w a s  r e a c h e d  
f rom  a b o v e  a s  w e l l  a s  f r o m  h e  l o w  t h e  s a t u r a t i o n  
p o i n t .  I n  o t h e r  c a s e s  t h e  f l a s k s  c o n t a i n i n g  t h e  c o l d  
s o l u t i o n s  a n d  s a l t  w e r e  i m m e d i a t e l y  s t o p p e r e d .  R u b b e r  
s t o p p e r s  w e r e  u s e d  a n d  a f t e r  t h e s e  h a d  h e e n  t i g h t l y  
i n s e r t e d  t h e  s t o p p e r  a n d  n e c k  o f  t h e  f l a s k  w e r e  d i p p e d  
i n t o  m o l t e n  p a r a f f i n  w a x  j u s t  a h o v e  i t s  m e l t i n g  p o i n t .  
T h i s  o n  c o o l i n g  f o r m e d  a  w a t e r - t i g h t  c o v e r  w h i c h  d i d  
n o t  c r a c k  o n  a n y  o c c a s i o n .  The  f l a s k s  w e r e  t h e n  
p l a c e d  i n  t h e  s h a k i n g  a p p a r a t u s  i n  t h e  t h e r m o s t a t .
T h i s  c o n s i s t e d  o f  a  h o r i z o n t a l  s h a f t  t o  w h i c h  w e r e  
a t t a c h e d  f o u r  w o o d e n  d i s c s  a b o u t  e i g h t  i n c h e s  i n  
d i a m e t e r .  E a c n  o f  t n e  d i s c s  c o u l d  a c c o m o d a t e  f o u r  
50 c . c  f l a s k s  a r r a n g e d  r a d i a l l y ;  t h e  n e c k s  o f  t h e  f l a s k s  
were a t t a c h e d  t o  t h e  d i s c s  b y  s t r i p s  o f  b r a s s  w h i c h  
ware h e l d  o n  t o  t h e  d i s c s  b y  m e a n s  o f  b r a s s  s c r e w  
t e r m i n a l s .  Tne  s h a f t  w a s  r o t a t e d  b y  m e a n s  o f  a  b r a s s  
c h a i n  w o r k i n g  o n  a  p u l l e y  a t  o n e  e n d  o f  t h e  s h a f t .
The m o t i v e  p o w e r  w as  a  h o t  a i r  e n g i n e ,  T h i s  a p p a r a t u s  
had t h e  a d v a n t a g e s  o f  s t i r r i n g  t h e  c o n t e n t s  o f  t h e  
f l a s k s  v e r y  e f f i c i e n t l y  an  t h e y  w e r e  t u r n e d  e n d  o v e r  
end many t i m e s  p e r  m i n u t e ,  a n d  a l s o  o f  v e r y  e f f i c i e n t l y
I
s t i r r i n g  t h e  t h e r m o s t a t  t h e  r e g u l a t i o n  o f  w h i c h  w as
e a s i l y  m a i n t a i n e d  t o  . 0 1  d e g r e e  a s  r e a d  o n  a  s e n s i t i v e
t h e r m o m e t e r .  The  t i m e  a l l o w e d  f o r  s a t u r a t i o n  w a s
always  o v e r  3 6  h o u r s .  I t  w a s  f o u n d  t h a t  t h e r e  was
^  change  i n  t h e  s o l u b i l i t y  a f t e r  1 d a y  o f  s a t u r a t i o n  
and /
and a f t e r  7 d a y s ; s o  t h a t  .36 h o u r s  a l l o w s  a n  a m p l e  
m a r g i n  o f  s a f e t y .  I t  w a s  a l s o  f o u n d  t h a t  t h e r e  was
no c o n s i s t e n t  d i f f e r e n c e  b e t w e e n  t h e  r e s u l t s  o b t a i n e d£
f o r  t h e  s o l u t i o n s  w h e r e  s a t u r a t i o n  w a s  a p p r o a c h e d  
f ro m  a b o v e  t h e  s a t u r a t i o n  p o i n t  a n d  t h o s e  w h e r e  i t  
was a p p r o a c h e d  f r o m  u n d e r  s a t u r a t i o n .  I n  t h e  e x p e r i ­
m e n t a l  r e s u l t s  t h e r e f o r e  n o  d i s t i n c t i o n  h a s  b e e n  made 
b e t w e e n  t h e s e  tw o  m e t h o d s .  A f t e r  a t  l e a s t  3 6  h o u r s  
t h e  f l a s k s  w e r e  r e m o v e d  f r o m  t h e  s h a k e r  a n d  p l a c e d  
a n  t r a y s  i n  t h e  t h e r m o s t a t  w i t h  t h e i r  n e c k s  p r o j e c t i n g  
above t h e  w a t e r .  A f t e r  s t a n d i n g  f o r  h a l f  a n  h o u r  
t h e  s t o p p e r s  w e r e  d r i e d  a n d  r e m o v e d , c a r e  b e i n g  t a k e n  
t h a t  no w a x  f e l l  i n t o  t h e  s o l u t i o n .  The  e x c e s s  o f  
s a l t  h a d  s e t t l e d  o u t  i n  h e a v y  p a r t i c l e s  a t  t h e  b o t t o m  
o f  t h e  f l a s k  a n d  h e n c e  t h e r e  w a s  no  n e e d  t o  f i l t e r  
t h e  s o l u t i o n s .  T h e  r e q u i r e d  v o l u m e  o f  t h e  c l e a r  
s o l u t i o n  w as  s i m p l y  p i p e t t e d  o f f  a n d  a n a l y s e d .
Somet imes  t h e  f i r s t  p o r t i o n  t o  b e  p i p e t t e d  o f f  g a v e  
I n c o r r e c t  r e s u l t s ,  p e r h a p s  o w i n g  t o  p r e c i p i t a t i o n  i n  
t h e  c o l d  p i p e t t e  b u t  t h e r e a f t e r  r e p e a t a b l e  r e s u l t s  
were r e g u l a r l y  o b t a i n e d .  No c o r r e c t i o n  w as  a p p l i e d  
f o r  t h e  d i f f e r e n c e  i n  v o l u m e  o f  t h e  p i p e t t e  a t  1 5  °C 
f o r  w h i c h  i t  w a s  s t a n d a r d i s e d  a n d  a t  2 5 °C t h e  t e m p e r ­
a t u r e  a t  w h i c h  i t  w a s  u s e d ,  t h e  c o r r e c t i o n  n e c e s s a r y  
b e i n g  v e r y  m u c h  s m a l l e r  t h a n  t h e  e x p e r i m e n t a l  e r r o r  
o f  t h e  m e t h o d s  u s e d  i n  a n a l y s i s .
35 .
E stim ation o f  the s o lu b il i ty .
T h e  s o l u b i l i t y  o f  t h e  ' o r o r n a t e  a n d  i o d a t e  w a s  
e s t i m a t e d  i o d o m e t r i c a l l y l  o r  2  c . c *  o f  t h e  
s a t u r a t e d  s o l u t i o n  s t a n d i n g  i n  t n e  t h e r m o s t a t  w as  
p i p e t t e d  o f f  a n d  a d d e d  t o  a n  a c i d  s o l u t i o n  o f  p o t a s s ­
ium i o d i d e  a n d  t i t r a t e d  w i t h  s t a n d a r d  ( a b o u t  « 0 1  N ) 
s o d iu m  t h i o s u l p h a t e  u s i n g  s t a r e d  a s  i n d i c a t o r .  Tne 
method a d o p t e d  w a s  t o  d i s s o l v e  a b o u t  1 0  gms o f  p o t a s s ­
ium i o d i d e  i n  a b o u t  50  c . c .  o f  w a t e r  i n  a  2 5 0  c , c .  
c o n i c a l  f l a s k ,  a d d  1 0  c . c .  d i l u t e  a c i d  ( h y d r o c h l o r i c  
o r  s u l p h u r i c  2 n ) a n d  1 c . c .  o f  s t a r c h  s o l u t i o n .
U s u a l l y  a  f e w  d r o p s  o f  t h i o s u l p h a t e  w e r e  r e q u i r e d  t o  
d e c o l o u r i s e  t h e  s o l u t i o n ,  1 c . c  ( o r  2  j g * c .  ) o f  t h e  
s a t u r a t e d  s o l u t i o n  o f  t h e  P r o  m a t e  o r  i o d a t e  w a s  t h e n  
added a n d  t h e  s o l u t i o n  i m m e d i a t e l y  t i t r a t e d  t i l l  
c o l o u r l e s s .  Tne s o l u t i o n  c o u l d  a t  o n c e  b e  u s e d  a g a i n  
f o r  f u r t h e r  t i t r a t i o n s .  I n  t h i s  w ay  s e v e r a l  t i t r a t i o n s  
c o u l d  Pe d o n e  o n  e a c h  s o l u t i o n .  I n  t h e  c a s e  o f  t h e  
s i l v e r  s a l t s  t h e  e n d  p o i n t  w a s  m u c h  P e t t e r  w h e n  
s u f f i c i e n t  e x c e s s  o f  p o t a s s i u m  i o d i d e  w a s  u s e d  t o  
d i s s o l v e  t h e  s i l v e r  i o d i d e .  I n  t h e  c a s e  o f  t h e  
| t h a i i o u s  s a l t  t h e  e n d  p o i n t  w a s  n o t  e a s y  t o  o b s e r v e  
w i t h  a c c u r a c y  o w i n g  t o  t h e  s e p a r a t i o n  o f  a  y e l l o w  
P r e c i p i t a t e  o f  t h a l l o u s  i o d i d e  n o t  s o l u b l e  i n  
P o t a s s i u m  i o d i d e ,
The  c e n t i n o r m a l  t h i o s u l p h a t e  w a s  s t a n d a r d i s e d
e a c h /
36.
EXPERIMENTAL 5.
e a c h  f lay  i t  w a s  u s e d  a g a i n s t  a  s t a n d a r d  s o l u t i o n  o f  
p o t a s s i u m  d i c f t r o m a t e  a n d  a  s t a n d a r d  s o l u t i o n  o f  
p o t a s s i u m  b r o m a t e , a s  i t  w a s  f o u n d  s l o w l y  t o  d e c r e a s e  
i n  c o n c e n t r a t i o n .
The s o l u b i l i t y  o f  t h a l l o u s  t h i o c y a n a t e  a n d  l e a d  
b r o m i d e  w a s  f o u n d  b y  a d d i n g  e x c e s s  o f  s i l v e r  n i t r a t e  
and b a c k  t i t r a t i n g  w i t h  p o t a s s i u m  t h i o c y a n a t e .
1 c . c  o f  s a t u r a t e d  s o l u t i o n  w a s  p i p e t t e d  o f f  i n t o  a
a /w i i i t e  p o r c e l a i n  b a s i n , / m e a s u r e d  v o l u m e ,  k n o w n  t o  b e  
e x c e s s , o f  s t a n d a r d  ( a b o u t  . 0 1  N ) s i l v e r  n i t r a t e ,  a n d
2 c . c .  o f  i r o n  a l u m  i n d i c a t o r  w e r e  a d d e d  a n d  t h e  
s o l u t i o n  t i t r a t e d  w i t ' n  s t a n d a r d  p o t a s s i u m  t n i o c y a n a t e I
( a b o u t  . 0 1  i f ) w i t n  b r i s k  s t i r r i n g  u n t i l  a  p e r m a n e n t  
brown c o l o u r  a p p e a r e d .  U s i n g  b r o m i d e s  a n d  t h i o c y a n a t e s  
t h e r e  w as  n o  n e c e s s i t y  t o  f i l t e r  o f f  t h e  p r e c i p i t a t e d  
s i l v e r  s a l t s .  The  s i l v e r  n i t r a t e  w a s  s t a n d a r d i s e d  
by  means  o f  w e i g h e d  q u a n t i t i e s  o f  p o t a s s i u m  b r o m i d e  
(K ahlbanm f u r  A n a l y s e  ).
I n  e a c h  c a s e  t h e  f i r s t  s o l u b i l i t y  e s t i m a t i o n s  
were do n a  w i t h  t h e  s a t u r a t i n g  s a l t  i n  w a t e r  a l o n e  w i t h ,  
a  v ie w  t o  t e s t i n g  t h e  p u r i t y  o f  t h e  s a l t s .  T h i s  w a s  
done b y  tw o  m e t h o d s .
F i r s t l y ,  t h e  s o l u b i l i t y  o f  t h e  s a k t  w a s  
e s t i m a t e d  u s i n g  ( a )  a  s m a l l  e x c e s s  a n d  (b  ) a  v e r y  l a r g e  
e x c e s s  o f  t h e  s a l t .  P r e s e n c e  o f  a  s o l u b l e  i m p u r i t y  
would l e a d  t o  a  m a r k e d  d i f f e r e n c e  b e t w e e n  t h e  two 
r e s u l t s ,  i n  n o  c a s e  w as  a n y  c o n s i s t e n t  d i f f e r e n c e
observed/
S e c o n d l y  t h e  s o l u b i l i t y  or t h e  s a l t  w a s  
m e a s u r e d  i n  t h e  u s u a l  w a y  a n d  t h e n  t h e  e x c e s s  o f  
s o l u t i o n  w a s  p o u r e d  orr a n d  m o r e  w a t e r  a d d e d  t o  t h e  
r e s i d u e  o f  s a l t  i n  t h e  f l a s k ,  a n d  t h e  s a t u r a t i o n  
r e p e a t e d .  The s o l u b i l i t y  w a s  t h e n  f o u n d  a g a i n ,  and  
i n  no c a s e  h a d  i t  c h a n g e d .  T h i s  w a s  t a k e n  a s  
s u f f i c i e n t  e v i d e n c e  o f  t h e  p u r i t y  o f  t h e  s a l t s .
I n  t h e  t a b l e s  a r e  g i v e n  t h e  s o l u b i l i t i e s  
f o u n d  f o r  t h e  s e v e r a l  s a l t s  i n  t h e  s e v e r a l  a m in o  
a c i d s .  P o r  c o m p a r i s o n  i s  g i v e n  t h e  b e h a v i o u r  o f  a  
t y p i c a l  n o n  e l e c t r o l y t e  ( e t h y l  a l c o h o l )  a n d  a  t y p i c a l  
u n i - u n i v a l e n t  s a l t  ( a m m o n iu m  n i t r a t e ) .  i n  e a c h  c a s e  
t h e r e  i s  a l s o  g i v e n  t h e  r a t i o  o f  t h e  s o l u b i l i t y  i n  
t h e  g i v e n  s o l u t i o n  t o  t h e  s o l u b i l i t y  I n  p u r e  w a t e r
g
-  and t h e  r a t i o  o f  t h e  s o l u b i l i t y  i n c r e m e n t  i n  t h e  
g i v e n  s o l u t i o n  t o  t h e  s o l u b i l i t y  i n c r e m e n t  i n  a n  
e q u i v a l e n t  s o l u t i o n  o f  am monium n i t r a t e  ( r ) .
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o b s e rv e d .
SOLUBILITY OP SILVER BE0MATE.
T he  m e a n  v a l u e  o f  t h e  s o l u b i l i t y  o f  s i l v e r  
b r o m a t e  i n  w a t e r  a t  35°  w a s  f o u n d  t o  b e  - 0 0 8 3 7  gtn. 
m o l e c u l e s  p e r  l i t r e  ( -  1 - 9 5 1  g m s / l i t r e ) .  T h i s  a g r e e s  
w i t h  t h e  f i g u r e  o b t a i n e d  b y  H i l l  ( J.A m e r . Ohera. s o c . ,
3 9 , 2 1 8 ) Who u s i n g  a  v e r y  much  m o r e  a c c u r a t e  m e t h o d  
o b t a i n e d  1 - 9 4 9  g m s . / l i t r e  a t  2 5 ° .  N o y e s  ( Z . p h y s i c a l .
Ohem. ^ 0 , 2 4 6  ) a t  3 4 - 5 ° o b t a i n e d  1 - 9 1 1 g ® 3 / l i t r e .  The
f i g u r e  o b t a i n e d  b y  L o n g i  ( g a z z e t t a ,  13 , 3 7 ) n a m e l y
1-63 g m s / l i i r e  a p p e a r s  i o  b e  t o o  I q w . 
T a b l e  1 . .
*
S i l v e r B r o m a t e  i n  E t h y l A l c o h o l .
C o n c e n t r a t i o n  o f  
a l c o h o l .  
m o l e s / l i t r e .
C o n c e n t r a t i o n  
o f  3 a i t  




• 0 00 - 0 0 8 3 7 1 . 0 0 0
• 035 • 0 0 3 3 5 • 997
• 05 0 • û 08 3 Q • 991
-100 - 0 0 3 1 0 - 9 8 0
• 3 0 0 - 0 0 7 9  3 • 9 5 3
T a b l e  3 .
S i l v e r  B r o m a t e  i n  Ammonium N i t r a t e .
a 3 S
“So
•000 - 0 0 3 3 7 1 - 0 0 0
-035 • 0 09 0 0 1 - 0 8 3
• 050 - 0 0 9 4 7 1 - 1 4 5
•100 - Q1ÛQ8 1 -319
•300 - 0 1 1 3 3 1 -.35 7
4 0 .
T a b l e 3 .
S i l v e r  B r o r n a t e  i n G l y c i n e .
a s — r
. 0 0 0
•
. 0 0 8 2 ? 1 . 0 0 0  -
» 0 2 5 . 0 0 8 5 4 1 . 0 3 3  . 3 7
» 0 5 0 . 0 0 8 7 0 1 . 0 5 2  . 3 6
. 1 0 0 . 0 0 9 0 9 1 . 0 9 9  .45 .
. 2 0 0 . 0 0 9 7 2 1 . 1 7 5  ,4.9
M e a n  -  . 4 2
T a b l e 4 .
S i l v e r  B r o m a t e  i n [3- a m i n o - p r o p i o n i c -  a c  i d .
a s S 3?
- o
. 0 0 0 . 0 0 8 2 7 1 . 0 0 0
» 0 2 5 . 0 0 8 5 8 1 . 0 3 8  . 4 3
. 0 5 0 . 0 0 8 9 2 1 . 0 7 9  . 5 4
, 1 0 0 . 0 0 9 5 1 1 . 1 5 0  . 6 8
, 2 0 0 . 0 1 0 7 4 1 . 2 9 9  . 8 4
M e a n  «  . 6 2
T a b l e 5 .
S i l v e r  B r a m a t e  i n  y - a m i n o  b u t y r i c  a c i d .
a s
I  r
»000 . 0 0 8 2 7 1 . 0 0 0
. 0 2 5 . 0 0 8 8 0 1 . 0 6 4  * . 7 3
»050 . 0 0 9 5 0 1 . 1 5 0  1 . 0 2
»100 . 0 1 0 5 4 . 1 . 2 7 5  1 . 2 6
, 2 0 0 . 0 1 1 6 0 1 . 4 0 3  1 . 1 3
Mean= 1.03
Table 6 .





. 0 0 . 0 0 8 2 ? 1 , -000
. 1 0 , 0 0 9 5 0 1 . 1 4 9 . 6 8
. s o . 0 1 0 6 7 1 .  2 9 0 . 8 1
Me an =  . 7 5
Table 7 «
Silver Bromate in Taurine.
a s







. ,000 . 0 0 8 2 7 1 . 0 0 0 -
. 0 2 6 , 0 0 8 4 2 1 . 0 1 8 . 2 0
. 0 5 0 . 0 0 8 5 0 1 . 0 2 8 . 1 9
. 1 0 0 . 0 0 8 6 5 1 . 0 4 6 . 2 1
, 2 0 0 . 0 0 8 9 6 1 . 0 8 3 . 2 3
Mean = . 2 1
Table 3 .




, 0 0 0 , 0 0 8 2 ? 1 , 0 0 0 -
. 026, . 0 0 8 4 2 1 . 0 1 8 . 2 0
. 0 6 0 . 0 0 8 5 3 1 . 0 3 1 . 2 2
. 1 0 0 , 0 0 8 7 1 1 . 0 5 3 . 2 4
, 2 0 0 . 0 0 9 0 5 1 . 0 9 4 . 2 6
Mean = .S3
4 2 .
S o l u b i l i t y  o f  L e a d B r o m i d e .
T he s o l u b i l i t y  o f  L e a d B r o m i d e  i n  p u r e  w a t e r
a t  25° w a s f o u n d  t o b e  *0267  gm. m o l e c u l e s  p e r  l i t r e
( =  9 . 8 0  g r a s / l i t r e ) , The  v a l u e  f o u n d  b y  L i c h t y
( J .A rner  .O h em . S o c . , 25 4 74 ) w a s  9 • 70 g n s / l i t r e .
Table. 3.
L e a d  B r o m i d e  i n  E t h y l A l c o h o l
a 3 _SSo
. 0 0 0 • 0 3 6 7 1 . 0 0 0
. 0 3 5 i  0 3 6 6 . 9 9 6
• 050 • 0364 • 989
• 100 . 0 2 6 1 • 978
• 300 . 0 2 5 7 • 963
Table io •
L e a d B r o m i d e i n  Ammonium N i t r a t e .
s
a s So
. 0 0 0 • 0 3 6 7 1 . 0 0 0
«035 • 0 3 8 7 1 . 0 7 3
• 050 • 0 3 0 -3 1 .1 4  3
•1 0 0 • 0335 1 - 2 5 8
•200 . 0 3 8 0 1 *423
—
Solubility of Lead Bromide in the Amino Garboxylic
A c i d s .
4 3 .  '
T a b l e  I I .
S o l v e n t s S"So r
W a t e r . 0267 b-* « o o -
.300 N G l y c i n e •04  75 1 . 7 8 1 . 8 4
• 200 N / 3- A m i n o - p r o p  i o n i c  a c i d  . 0730 3*73 4 . 1 0
.30  0 N li Amino - b u t y r i c  a c i d .  . 0790 2 - 9 6 4 . 6 3
The s o l u b i l i t i e s  s h o w n  i n  T a b l e  II a r e  ao  o b v i o u s l y  
a n o m a l o u s  t h a t  t h e  d e t e r m i n a t i o n  o f  t h e  s o l u b i l i t y  a t  
o t h e r  c o n c e n t r a t i o n s  o f  t h e  a m i n o  a c i d s  w a s  n o t  
p r o c e e d e d  w i t h ,  n o r  'was t h e  s o l u b i l i t y  i n  ¿ a m i n o  
v a l e r i c  a c i d  f o u n d .
T a b l e  1 3 .
S o l u b i l i t y  o f  L e a d  B r o m i d e  I n  T a u r i n e
a SS -5 So r
.00 0 . 0 2 6 7  1 . 0 0 0 -
• 025 • 0 2 7 6  1*0 3 4 • 45
• 050 • 0 2 8 3  1 . 0 6 0 »44
•100 . 0 2 9 5  1 - 1 0 5 •41
• 300 . 0 3 1 7  1 - 1 8 7 »44
Mean = • 44
T a b l e  1 3 .





•000 . 0 2 6 7  1 . 0 0 0 -
»025 . 0 2 7 6  1 * 0 3 4 • 45
• 05 0 . 0 2 8 5  1 * 0 6 7 . 5 0
♦100 • 0 3 0 0  1 * 124 *48
*200 . 0 3 2 7  1 - 2 2 4 • 53
Mean = »4 9
44.
The  s o l u b i l i t y  o r  t h a l l o u s  t h i o c y a n a t e i n  
p u r e  w a t e r  w a s  r o u n d  t o  "be . 0 1 4 7  gm, m o l e c u l e s  p e r  l i t r  
( 5 , 8 6  g m s . / l i t r e - } .  T h i s  a g r e e s  r a i r l y  w e n .  w i t h
t h e  v a l u e  3 .  90  g in s ,  / l i t r e  r o u n d  b y  N o y e s  ( z . p h y s i c a l .  
Chem. , 6 , 2 4 8 ) .
T a b l e  1 4 .
Solubility or Thallous Tnlocyanate.






.1000 . 0145. .986
,200 • 0144. .980
T a b l e  15.








Til a l l o n s
46.
T a b l e  i s .  
T n i o c y a n a t e  i n  G l y c i n e .
5a s r
,000 .0147 1.000 —
.0 25 . 014:9 1.014. .18
.050 ,0151 1.027 .21
,100 .0155 1.041 .18
,S00 ,0158 1.075 .go
M ean = .19
T a b l e  17 ,
T ' n a l l o u s T i i i o c y a n a t e  i n  /S - a m in o  p r o p i o n i c  a c i c t
a s s r
s o
,000 .0147 1.000
, »025 .0149 1.014 ,18
,050 ,0152 1.034 .26
.100 .0158 1.062 .27
.200 .0164 1.113 .31
M e a n = .26
T a b l e  1 3 .
Thallous Tiiiocyanate In  ¿'-amino 'butyric a c i d
a s s r
1 so
. . . . . . .  . . . .
,000 .0147 1.000 -
.025 ,0151 1.027 ,36
.050 . 0154. 1.048 .36
.100 .0162 1.102 ,45
.200 . 0174 1.184 ,49
Mean II 9 4 H
46*
T a to le 1 9 .





*000 * 0 1 4 7 1.000 —
*100 *0161 1.095 .43
,200 *0170 1.156 .42
Me a n  = .42
Tato le 20 .




,000 »0147 1.000 -
.025 . 0149 1.014 . 1 8
.050 .0152 1.-034 .26
. 1 0 0 .0157 1.068 .30
*200 .0166 1.130 .36
Mean = , 27
T a to le  21 .




. 0 0 0 .0147 1 . 0 0 0 -
*025 »0150 1.020 .27
.050 .0155 1.041 .32
»100 . 0160 1.088 .39
. 2 0 0 .0172 1.170 »45
Mean = .36
The  m e a n  v a l u e  o r  t h e  s o l u b i l i t y  o r  t h a l l o u s  
b r o m a t e  i n  w a t e r  a t  2 5 °  w a s  r o u n d  t o  'oe . 0 1 2 3 8  gm. 
m o l e c u l e s  p e r  l i t r e  ( =  4 . 1 1  g in s . p e r  l i t r e ) .
B o t t g e r  ( Z . p h y s i E a l . Chem. ,  4 6 .602■) r o u n d  t h e  
s o l u b i l i t y  a t  1 9 , 9 °  t o  b e  * .0 1 0 4 3 ,  w h i l e  h c y e s  and  
Abbot  ( Z .  p h y s i  l e a l .  Chem. 1 6 , 1 3 0  ) r o u n d ,  t h e  s o l u b i l i t y  
a t  3 7 . 7 5 °  t o  b e  . 0 2 2 1 6 .  S h e  v a l u e  t h u s  r o u n d  a t  2 5 °
4 7 ,
solubility or Thallous Bromate.
is in agreement w ith  these rig u re s .
Table 2 2.







<» Table 2 3.








T a b le
T i i a l l o u s  Bromate  i n  G l y c i n e .
a s 8So r
.000 .01238 1.000 —
.025 .01255 1.014 . 25
.050 .01266 1.023- .19
.100 .01312. 1.059 .24








.000 .01238 1,000 -
.0 25 .01255 1.014 .25.
.050 .01268 1.024 .21
*100 .01325 1.070 ..28
.200 .01404 1.134 .32
M e a n  = .26
TaBle 3 6.





,000 .  01238 1,000 -
.025 .01258 1.016 .30
,050 .012-73 1.028 .24.





. 01423 1.150 .36
Me a n  = .30
49 » 
Table 37,
Thallotis Bromate In ¿-am ino-valeric ac ia .
a S £
Sy
.00 .01236 1,000 -
.10 .01320 1.066 .27
.20 .01403 1.133 .32
M ean  = .30
T a b l e 33.





.025 .0124? 1.007 .13
.050 .01265 1.014 ,12
.100 ,01300 1.051 .20
.200 ,01356 1,096 .23
Me a n  = .1?
T a b l e 29•




.000 .01236 1.000 -
.025 .01250 1.009 .18
.050 .01271 1.02? .23
.100 .01312 1.069 ,24l
.200 .01378 1.113. .27
Mean = .SS
The  so lu te ility  or c a l e i u i a  iodate in  pure 
water at 25 ° was round tea tee .qq?9q già, mo leeu ie  s / l i  tare 
( = 3.08 gias. / l i t r e  ). ine only values to  tee round in  
thè l i te r a tu r e  are given tey Mylius and FanF ( B er.. 30.1734 ) 
wno round tn a t when t i i e  so lid  p.hase was Ca( Iù„ )g- 5 h 0 
tiie so lu te ility  a t 18 was 2.5 g iu s ./ l i t r e  and at 30°
4,2 g rn s ./ l i tr e ;  when thè so lid  phase was Cai iq,)2 .Ho0 
thè so lu te ility  was 3.7 grns. / l i t r e  at 21^ and 4.8 gius/ 
l i t r e  at. 35°.
Tate l e  3 0.
5 0 .
Soluteility oi Calcinili lodate.






.100 .00761 . 964.
.200 .00738 • 935
Tate le  31 .







» 200 u .01249 1.580
•r
Ta ló le 32 .
C a l c i u m .  I o d a t e i n  G l y c i n e .
a 3 s r
,000 .00790 1.000 —
,025 .00805 1.019 .18
,050 .00825 1.045 .22
,100 .00862 1.091 .26
.200 .00952 1.205. .35
Mean = .25
ï a 'D l e 3 3 .




,000 .00790 1.000 -
.025 .00811 1.027 .25
.050 .00850 1.051 .26
.100 . 00866 1.096 .28
.200 .00950 1.205 .35,
M ean = .28
T a o l e 3 4 .
Calcium iodate i n  X-a m i n o t o u t y r i c  a c i d , »
a s So r
.000 .00790 1.000
.025 .00811 1.027 .25
.050 .00852 1.053 .26
.100 .00860 1.089 .25
,200 .00955 1.209 .36
T a b l e  35.
C a lc iu m  I o d a t e  i n  i - a m ln o  v a l e r i c  a c i d .
a s SSo r
,000 .00790 1.000 —
.100 .00883 1.118 .34
.200 .00964 1.220 .38
Mean = .36
Table 30.
Calcium iodate in  Taurine.
a s
s0 r
»000 .00790 1.000 -
.026 .00800 1.013 .12
.050 .00620 1.038 .19
.100 .00860 1.089 .25
,200 ,00920 1.165 »28
Mean II • to H
Table 3 7.





»000 .00790 1.000 —
.026 .00795 1.007 .06
.060 .00800 1.013. .06
.100 .00820 1,038 »11
.200 .00850 1.076 .13
¿¿Lean = , 0 9
F r o m  a n  i n s p e c t i o n  o f  T a b l e s  1  t o  37 , t h e
f i r s t  p o i n t  o b s e r v e d  i s  t h a t  i n  e v e r y  c a s e  t h e r e  i s  
an i n c r e a s e  i n  t h e  s o l u b i l i t y  o f  t h e s a l t  i n  s o l u t i o n s  
o f  a m p h o l y t e s ,  s i x  d i f f e r e n t  a m p h o l y t e s  h a v e  b e e n  
e x a m i n e d  a n d  f i v e  d i f f e r e n t  s a l t s  h a v e  b e e n  u s e d  i n  
c o n j u n c t i o n  w i t h  e a c h  a n d  n o  e x c e p t i o n  h a s  b e e n  
f o u n d .  A d m i t t e d l y  t h e  r e s u l t s  a r e  n o t  s u f f i c i e n t l y  
n u m e ro u s  t o  e n a b l e  a  g e n e r a l i s a t i o n  t o  b e  m a d e  w i t h  
c e r t a i n t y  b u t  t h e y  s t r o n g l y  i n d i c a t e  t h a t  t h e  g e n e r a l  
e f f e c t  o f  a m p h o l y t e s  i s  t o  i n c r e a s e  t h e  s o l u b i l i t y  o f  
s a l t s .
When we come t o  e x a m i n e  t h e  m a g n i t u d e  o f  t h i s
e f f e c t  h o w e v e r  we f i n d  g r e a t  i r r e g u l a r i t i e s .  I n  t h e
f o u r t h  c o l u m n  o f  t h e  t a b l e s ,  h e a d e d " ?  , a r e  g i v e n  t h e
r a t i o s  o f  t h e  s o l u b i l i t y  i n c r e a s e s  f o u n d ,  t o  t h e
s o l u b i l i t y  i n c r e a s e  i n  e q u i v a l e n t  s o l u t i o n s  o f
ammonium n i t r a t e .  T h e s e  f i g u r e s  g i v e  a  r o u g h  i d e a
o f  t h e  e f f e c t .  C o n s i d e r  f i r s t  t h e  c a s e  o f  s i l v e r
t h e
brómate. T h e s e  e x p e r i m e n t s  w e r e / f i r s t  t o  b e  d o n e .
It b ecam e  a p p a r e n t  t h a t  t h e  i n c r e a s e  i n  t h e  c a s e  o f  
t h e  /3 a n d  Ü a m i n o - c a r b o x y l i e  a c i d s  w a s  g r e a t e r  t h a n  
b a d  b e e n  e x p e c t e d .  T h u s ,  -in t h e  c a s e  o f  X- a m i n o  b u t y r i c  
a o i d ,  t h e  s o l u b i l i t y  i n c r e a s e  w a s  g r e a t e r  t h a n  i n  an 
e q u i v a l e n t  s o l u t i o n  o f  am m onium  n i t r a t e ,  T h i 3  c o u l d  
n o t  b e  d u e  t o  t h e  i o n i c  e f f e c t  w h i c h  I  w a s  l o o k i n g  
fo? ,  a s  i t  s e e m s  c e r t a i n  t h a t  a  c o n s i d e r a b l e  p o r t i o n  
° i > t h e  f i e l d  o f  e a c h  c h a r g e  m u s t  b e  i n t e r n a l ,  t h u s  
d e d u c i n g /
53 '
D i s c u s s i o n  o f  R e s u l t s .
t h u s  r e d u c i n g  t h e  e f f e c t s  o u t s i d e  t h e  m o l e c u l e .  T h u s  
a l t h o u g h  t h e  s e r i e s  o f  , /3 a n d  ¥  , - a m i n o - e a r b o x y l i c  
a c i d s  s h o w s  i n  a  s t r i k i n g  w a y  t h e  i n c r e a s e  o f  t h e  s o l ­
u b i l i t y  e f f e c t  w i t h  i n c r e a s e  o f  l e n g t h  o f  c h a i n  
( r ^  =  «4 3 r ^  =  «63 r ^  =  1 * 0 3 )  i t  w a s  t h o u g h t
t h a t  t h i 3  c o u l d  n o t  r e a l l y  b e  t h e  n o r m a l  e f f e c t .  T h i s  
i s  b o r n e  o u t  b y  t h e  m e a s u r e m e n t s  w i t h  t a u r i n e  a n d  
t a u r o b e t a i n e  f o r  w h i c h  we h a v e  r ^  =  «31 a n d  » 3 3 .
T h e  o t h e r  s a l t  w h i c h  i t  w a s  o r i g i n a l l y  
i n t e n d e d  to, u s e ,  s h o w e d  e v e n  m o r e  m a r k e d l y  a  b e h a v i o u r  
t h a t  c a n n o t  b e  a t t r i b u t e d  t o  a n  i o n i c  e f f e c t .  The  
v a l u e s  o f  r  o b t a i n e d  w e r e  r ^  =  1 . 8 4  r (3 =  4 « l o
r y =  4 « 6 3  o b v i o u s l y  i n d i c a t i n g  som e  k i n d  o f  s o e c i f i c  
i n t e r a c t i o n  b e t w e e n  t h e  a m p h o l y t e  a n d  t h e  s a l t .  I n  
t h i s  c a s e  a g a i n  h o w e v e r  t h e  v a l u e s  w i t h  t a u r i n e  a n d  
t a u r o b e t a i n e  w e r e  m o r e  o f  t h e  o r d e r  t o  b e  e x p e c t e d ,
-  «44 a n d  « 4 9 .  I t  w a s  n o t i c e d  i n  t h e  c a s e  o f  t h e  
s o l u b i l i t y  o f  t h e  l e a d  b r o m i d e  t h a t  t h e  e r y 3 t a l l i h e  
a p p e a r a n c e  o f  t h e  p o w d e r  w a s  l o s t  a n d  a  b u l k y  w h i t e  
s u b s t a n c e  a p p e a r e d  w h i c h  c o v e r e d  t h e  ' l e a d  b r o m i d e  a n d  
d i d  n o t  c o m p l e t e l y  s e t t l e  o u t  o f  t h e  s o l u t i o n .  I t  
was s u s p e c t e d  t h a t  t h i s  w a s  l e a d  h y d r o x i d e ;  t h e  
s o l u b i l i t y  p r o d u c t  o f  l e a d  h y d r o x i d e  c a n  r e a d i l y  b e  
e x c e e d e d  i n  s u c h  s o l u t i o n s ,  b u t  t h i s  i s  n o t  t o  b e  
e x p e c t e d  i n  t h e  c a s e s  w h e r e  t h e  a c i d i c  g r o u p  i s  
s t r o n g  -  t a u r i n e  a n d  t a u r o b e t a i n e .  A s i m i l a r  e f f e c t  
Way o c c u r  i n  t h e  c a s e  o f  t h e  s i l v e r  s a l t  w i t h  t h e  
s x c e p t i o n  t h a t  t h e  s i l v e r  h y d r o x i d e  f o r m e d  w i l l  r e a d i l y  
f ° rm  a  c o m p l e x  w i t h  t h e  a m i n o  g r o u p  a n d  w i l l  n o t  b e
P r e c i p i t a t e d /
54.
I t  v /as  t h e r e f o r e  d e c i d e d  t o  u s e  a s  s a t u r a t i n g  
s a l t s  t h e  s a l t s  o f  s o l u b l e  b a s e s  s u c h  a s  t h e  c a l c i u m  
s a l t s  a n d  t h e  t h a l l o u s  s a l t s .  C a l c i u m  i o d a t e , t h a l l o u s  
t h i o c y a n a t e  a n d  t h a l l d u s  b r o m a t e  w e r e  s e l e c t e d  a s  s a l t s  
r e a d i l y  e s t i m a b l e  i n  s m a l l  q u a n t i t i e s  a n d  h a v i n g  t h e  
r e q u i s i t e  s o l u b i l i t y .
An e x a m i n a t i o n  o f  t h e s e  f i g u r e s  ( T a b l e s  14 
t o  3 7 )  s h o w s  m u c h  g r e a t e r  r e g u l a r i t y .  The  v a l u e  o f  
r  f o r  t h a l l o u s  b r o m a t e  i s  f r o m  »17 t o  » 3 0 .  f o r  
t h a l l o u s  t h i o c y a n â t e  »19 t o  . 4 3  a n d  f o r  c a l c i u m  
i o d a t e  «09 t o  » 3 6 .  The c a s e  o f  c a l c i u m  i o d a t e  i n  
t a u r o b e t a i n e  i s  a p p a r e n t l y  e x c e p t i o n a l .  The  i n c r e a s e  
i n  s o l u b i l i t y  i q j s t i l l  w e l l  m a r k e d  b u t  much  s m a l l e r  
t h a n  i n  a n y  o f  t h e  o t h e r  c a s e s  e x a m i n e d .
An e x p l a n a t i o n  o f  t h i s  i n c r e a s e  i n  s o l u b i l i t y  
o f  s a l t s  i n  p r e s e n c e  o f  a m p h o l y t e s  m u s t  now  b e  s o u m i t *  
S o l u b i l i t y  i n c r e a s e  o f  s a l t s  i s  c o m m o n ly  d u e  t o  t h e  
p r é s e n c e  o f  i o n s  i n  t h e  s o l v e n t  m e d i u m  l o w e r i n g  t h e  
a c t i v i t y  o f  t h e  i o n s  o f  t h e  s a t u r a t i n g  s a l t .  Now a n  
a m p h o l y t e  s o l u t i o n  c e r t a i n l y  c o n t a i n s  i o n s  a c c o r d i n g  
to  t h e  o l d  a n d  n e w  t h e o r i e s  a l i k e .  O n l y  t h e  r e a l  i o n s  
( t h e  i o n s  w h i c h  m o v e )  a r e  t a k e n  i n t o  a c c o u n t  i n  t h e  
o l d e r  t h e o r y .  I s  t h e  p r e s e n c e  o f  t h e s e  i o n s  s u f f i c i e n t  
t o  a c c o u n t  f o r  t h e  o b s e r v e d  i n c r e a s e s ?  An a p p r o x i m a t e  
c a l c u l a t i o n  s h o w s  t h a t  t h i s  i s  n o t  s o .  i n  t a b l e  3 8 
g i v e n  t h e  v a l u e s  o f  t h e  m o l e c u l a r  c o n d u c t i v i t i e s
o f /
55 .
p r e c i p i t a t e d .
5 6 .
o f  g l y c i n e  a n d  /3 - a m in o  p r o p i o n i c  a c i d .
T a b l e  3 3 .
M o l e c u l a r  C o n d u c t i v i t i e s  o f  A m p h o l y t e s
D i l u t i o n „ M o l e c u l a r  C o n d u c t i v i t y  o f
G l y c i n e /3 - a m i n o - p r  o n  i o n i c  a c i d
4 • 227 _
8 • 23 6 • 13
16 . 2 4  6 • 12
3 2 • 25 7 • 14
64 • 2 75 • 1 7
128 • 306 . 3 0
256 
.. ------ . ■ ■
• 25
* O s t w a l d  ( J . p r . C h e u n g , 369  )
** B o r k  ( Z . p h y s i k a l . O h e m . , 1 3 9 , 6 0  )
Nov;, t h e  m o l e c u l a r  c o n d u c t i v i t i e s  a t  i n f i n i t e
d i l u t i o n  o f  t h e  i o n s  + N H , . CH2 . COOH a n d  •NH30 H .0 H 2 . a 0 0 _
can h e  f o u n d  a 3  f o l l o w s .  W i n k e l b l e c h  ( Z . p h y s i k a l .
Chem. ,_3j3,5  60 ) g i v e s  /*•«» f o r  s o d i u m  g l y c i n e  a 3  35 *5 .
$hus  f o r  t h e  g l y c i n e  a n i o n  NH^OH*CH2 • 0 0 0 “/ ^ i s  8 5 * 5 . -
Ay4 =  85 *5 -  50  «5 =  3 5 .  W i n k e l b l e c h  ( l o c . c i t . )  g i v e s
f o r  g l y c i n e  h y d r o c h l o r i d e / ^  =  1 3 0 » 4 .  T h u s  f o r
+NH3 .OH2 .OOOH, p-«, =  1 2 0 . 4  -  ju-tt =  1 2 0 - 4  -  75 *2 =  45  - 2 .
torusA e o f o r  g l y c i n e  ( a n i o n  a n d  c a t i o n )  = 35 + 4 5 * 2  =
30*2 .  s i m i l a r l y  t h e  v a l u e  of/**, f o r  /3 -am ino  p r o p i o n i c
a c i d  c a n  b e  c a l c u l a t e d  f r o m  t h e  r e s u l t s  o f  B o r k  ( l o c .
c i t . , )  a n d  i s  f o u n d  t o  b e  7 2 . 8 .
T a k i n g  t h e  m o l e c u l a r  c o n d u c t i v i t y  i n  e a c h
c a s e  a t  t h e  d i l u t i o n s  c o n s i d e r e d  a s  b e i n g  . 2 5  a n d  t h e
v a l u e  o f a s  7 5 ,  we h a v e  t h e  d e g r e e  o f  d i s s o c i a t i o n
= —-  =  » 0 0 3 3 .  F ro m  t h i s  we c a n  c a l c u l a t e  t h e
•75
con c e n t r  a t  i o n /
c o n c e n t r a t i o n  o f  t h e  i o n s  i n  a n  a m p h o l y t e  s o l u t i o n  
a s  i n  T a b l e  3 9 .
T a b l e  3 9 .
C o n c e n t r a t i o n  o f  a m p h o l y t e .  C o n c e n t r a t i o n  o f  i o n s .
• 20 N 
»10 N
• 05  N 
• 0 2 5  N
2 x  . 0  0 3 3  x  .?,Q
2 x  - 0 0 3 3  x  . 1 0
2 x  . 0 0 3 3  x  . 0 5
2 x  . 0 0 3 3  x  . 0 2 5
=  . 0 0 1 3 2  
=  . 0 0 0 6 6  
=  . 0 0 0 3 3  
=  . 0 0 0 1 6
T h u s  i n  a  . 2 0  N s o l u t i o n  o f  g l y c i n e  t h e  c o n c e n t r a t ­
i o n  o f  i o n 3  c a n n o t  e x c e e d  * 0 0 1 3 2  g r a m  i o n 3 p e r  l i t r e .  
The e f f e c t  o f  s u c h  a  s o l u t i o n  o f  i o n s  o n  t h e  s o l ­
u b i l i t y  o f  s a l t s  c a n  b e  c a l c u l a t e d  f r o m  t h e  é q u a t i o n  
o f  Debye  a n d  H t t o K e l .  I n  i t s  s i m p l i f i e d  f o r m  we 
h a v e
l o g  - |  =  *3 ( c i / 1 - / i c v 1)
DO
The c a l c u l a t e d  v a l u e s  o f  l o g - | 0 f o r  3 i l v s r  b r o m a t e  
i n  g l y c i n e  s o l u t i o n s  a r e  s h o w n  i n  T a b l e  4 0  a n d  c o m -
g
p a r e d  w i t h  t h e  v a l u e s  o f  l o g - g ^  f o u n d  b y  e x p e r i m e n t0
T a b l e  4 0 .
Concent­
ration o f  
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1 5  I •
> o < j S 0 l o i  
{cole) (fm u
•  0 0 0 - . 0 0 0 0 0 . 0 0 8 2 7 • 1 2 8 6 . 0 0 0 0  . 0 0 0 0
• 0 2 5 . 0 0 0 1 6 • 0 0 8 2 7 •  1 2 9 2 • 0 0 0 2  . 0 1 2 4
« 0 5 0 . 0 0 0 3 3 . 0 0 8 2 8 3 •  1 2 9 8 « 0 0 0 4  . 0 2 2 0
• 1 0 0 « 0 0 0 6 6 • 0 0 8 2 9 •  1 3 1 1 . 0 0 0 8  . 0 4 1 1
• 2 0 0 • 0 0 1 3 2 • 0 0 8 3 2 • 1 3  3 6 • 0 0 1 5  * 0 7 0 2
The/
The f i g u r e s  g i v e n  i n  C o l u m n  -3 o f  T a b l e  4 0 a r e  t h e  
v a l u e s  o f  t h e  s o l u b i l i t i e s  o f  AgBrO^ o b t a i n e d  b y  
e x t r a p o l a t i n g  t o  t h e  r e q u i r e d  i o n i c  c o n c e n t r a t i o n  t h e  
s o l u b i l i t y  c u r v e  o f  AgBrO^ i n  s o l u t i o n s  o f  am monium
q
n i t r a t e .  A l m o s t  i d e n t i c a l  v a l u e s  o f  l o g - g 0 a r e
o b t a i n e d  b y  a s s u m i n g  i n  t h e  c a l c u l a t i o n  t h a t  t h e  o n l y
c h a n g e  i n t h e  c o n c e n t r a t i o n  o f  i o n s  i s  t h a t  d u e  t o  t h e
a d d e d  i o n s  o f  g l y c i n e .  The  v a l u e s  o f  l o g - |  b y  t h i s
bo
c a l c u l a t i o n  a r e  s e e n  t o  b e  a b o u t  l / s O t h  o f  t h o s e  f o u n d
b y  e x p e r i m e n t .  A c t u a l l y  t h e  p r o b a b l e  v a l u e  o f  l o g - |
00
t o  b e  e x p e c t e d  o n  t h e  b a s i s  t h a t  t h e  i n c r e a s e  i s  d u e  
t o  t h e  m o v i n g  i o n s  o f  g l y c i n e  i s  m u c h  s m a l l e r  t h a n  
t h a t  h e r e  e s t i m a t e d ,  a n d  t h a t  f o r  tw o  r e a s o n s .  F i r s t l y ,  
we h a v e  a s s u m e d  t h a t  t h e  c o n d u c t i v i t y  o f  t h e  g l y c i n e  
i s  d u e  3 o l e l y  t o  t h e  o r g a n i c  a n i o n  a n d  c a t i o n .  I f  
a n y  c o n s i d e r a b l e  p o r t i o n  o f  t h e  c u r r e n t  i s  b o r n e  b y
•j* ___
H o r  OH i o n s ,  a 3  i 3  c e r t a i n l y  t h e  c a s e ,  t h e  n u m b e r  
o f  I o n s  i n  t h e  s o l u t i o n  m u s t  b e  s m a l l e r  t h a n  we h a v e
c a l c u l a t e d ,  s e c o n d l y ,  we h a v e  n e g l e c t e d  t h e  e f f e c t  
u n
o f  t h e / i o n i s e d  m o l e c u l e s  o f  t h e  g l y c i n e  o n  t h e  s o l u b i l ­
i t y  o f  t h e  s a l t .  T h e s e  w i l l  a l m o s t  c e r t a i n l y  d e c r e a s e  
t h e  s o l u b i l i t y ,  a s  n o n - e l e c t r o l y t e s  i n  g e n e r a l  d o .
As t h e s e  m o l e c u l e s  a r e  g r e a t l y  m o r e  n u m e r o u s  t h a n  t h e  
l o v i n g  I o n s  t h e  r e s u l t  t o  b e  e x p e c t e d  i s  p r o b a b l y  a  
d e c r e a s e  r a t h e r  t h a n  i n c r e a s e  i n  s o l u b i l i t y .  T h i s  
c o n c l u s i o n  i s  c o n f i r m e d  b y  t h e  w o r k  o f  H i l l  ( J .A r t i e r .
j
Ohem. s o c .  .3 9  T 318  ) w ho  . f o u n d  t h a t  t h e  s o l u b i l i t y  o f




i n  T a b l e  4 1  a r e  s h o w n  I n  c o l u m n s  l  a n d  2 t h e  n o r m a l i t y  
o f  a c e t i c  a c i d  a n d  t h e  s o l u b i l i t y  ( n o r m a l i t y )  o f  
s i l v e r  b r o m a t e  a s  f o u n d  b y  H i l l .  I n  c o l u m n  3 a r e  
g i v e n  t h e  v a l u e s  o f  t h e  c o n c e n t r a t i o n  o f  t h e  i o n s  o f  
a c e t i c  a c i d  o b t a i n e d  b y  i n t e r p o l a t i o n  f r o m  K o h l -  
r a u s c h ' s  d a t a .
T a b l e  41  .
N o r m a l i t y  o f  





N o r m a l i t y  o f  
S i l v e r  B r o m a t e .
. 0 0 8 2 7
• 0 0 3 2 4
• 0 0 8 2 2
• 0 0 8 1 6
C o n c e n t r a t i o n  o f  
i o n s  o f - a c e t i c  
a c i d .
. 0 0 0 0  
. 0 0 1 9
• 0027
• 0036
I t  w i l l  b e  s e e n  t h a t  a l t h o u g h  t h e  c o n c e n t r a t i o n  o f  
a d d e d  i b n s  i s  3 -  6 t i m e 3  a s  g r e a t  a s  i n  t h e  c a s e  o f  
g l y c i n e  t h e r e  i s  a  m a n K e d  d e c r e a s e  i n  t h e  s o l u b i l i t y  
o f  s i l v e r  b r o m a t e .  I t  m a y  t h u s  b e  c o n c l u d e d
1 .  T h a t ,  o n  t h e  b a s i s  o f  t h e  o l d  t h e o r y  i t  i s  
r e a s o n a b l e  t o  e x p e c t  t h a t  t h e  s o l u b i l i t y  o f  
s a l t s  s h o u l d  b e  d e p r e s s e d  r a t h e r  t h a n  i n c r e a s e d  
i n  t h e  p r e s e n c e  o f  a m p h o l y t e s .
2 .  Any a t t e m p t  t o  e x p l a i n  t h e  i n c r e a s e  i n  
s o l u b i l i t y  a s  d u e  t o  t h e  m o v i n g  i o n s  o f  t h e  
a m p h o l y t e  l e a d s  t o  v a l u e s  a t  l e a s t  5 0 t i m e s  t o o  
s m a l l .
W ha t  e x p l a n a t i o n ,  t h e n ,  c a n  b e  g i v e n  o f  t h e  
i n c r e a s e ?  i t  s e e m s  i m p r o b a b l e  t h a t  i t  i s  d u e  t o  some 
c h e m i c a l  a c t i o n  s u c h  a s  c o m p o u n d  f o r m a t i o n ,  a s  t h e  
e f f e c t  i s  o f  s i m i l a r  m a g n i t u d e  i n  s u c h  d i v e r g e n t  c a s e s .  
! t /
I t  may b e  e x p l a i n e d  o n  B j e r r u m ’ s  t h e o r y  o f  t h e  h y b r i d  
i o n ,  w h i c h  l o w e r s  t h e  a c t i v i t y  o f  t h e  s a l t  i n  t h e  s am e  
way a s  i o n s  i n  g e n e r a l  d o .  As w i l l  b e  s e e n  f r o m  t h e  
v a l u e s  o f  r  g i v e n  i n  T a b l e s  3 t o  37 t h e  e f f e c t  o f  
s u c h  i o n s  i s  l e s s  t h a n  h a l f  t h a t  o f  tw o  u n i v a l e n t  i o n s  
I  h a v e  n o t  f o u n d  i t  p o s s i b l e  t o  c a l c u l a t e  t h e  e f f e c t  
w h i c h  s u c h  a n  i o n  s h o u l d  h a v e .
The  c a l c u l a t i o n  o f  D e b y e  a n d  H i ic X e l  ( p h y s i c a l  
Z. ¿ 2 4 , 1 8 5 )  p r o c e e d s  f r o m  t h e  b a s i s  t h a t  a n y  e l e m e n t  o f  
v o lu m e  i n  t h e  v i c i n i t y  o f  a  p o s i t i v e  i o n  w i l l  t e n d  t o  
c o n t a i n  m o r e  n e g a t i v e  t h a n  p o s i t i v e  i o n s ,  a n d  t h e y  
s u c c e e d e d  i n  c a l c u l a t i n g  t h e  a v e r a g e  d i s t r i b u t i o n  o f  
i o n s  a r o u n d  a  g i v e n  i o n  a n d  h e n c e  t h e  p o t e n t i a l  a t  a n y  
p o i n t  d u e  t o  t h e  i o n  i t s e l f  a n d  t o  t h e  u n e q u a l  d i s t r i b  
u t i o n  o f  s u r r o u n d i n g  i o n s  w h i c h  i t  p r o d u c e s . I n  t h e  
same way  i t  s h o u l d  b e  p o s s i b l e  t o  c a l c u l a t e  t h e  d i s ­
t r i b u t i o n  o f  h y b r i d  i o n s  a r o u n d  a  g i v e n  i o n ,  a n d  h e n c e  
t h e  p o t e n t i a l  a t  a n y  p o i n t  d u e  t o  t h e  i o n  i t s e l f  a n d  
to  t h e  u n e q u a l  d i s t r i b u t i o n  o f  t h e  c h a r g e s  w h i c h  i t  
p r o d u c e s .  T h e  a c t u a l  e f f e c t  i n  t h e  c a s e  o f  h y b r i d  
i o n s  w i l l  n o t  o f  c o u r s e  b e  a  p r e p o n d e r a n c e  o f , s a y  
n e g a t i v e  I o n s  i n  t h e  n e i g h b o u r h o o d  o f  a  p o s i t i v e  i o n  
b u t  t h e  o r i e n t a t i o n  o f  t h e  h y b r i d  i o n s  s o  t h a t  t h e i r  
n e g a t i v e  e n d s  a r e  t o w a r d s  t h e  p o s i t i v e  i o n  m o r e  
f r e q u e n t l y  t h a n  t h e  p o s i t i v e  e n d s .  R e g a r d i n g  t h e  
case  f r o m  t h e  o t h e r  p o i n t  o f  v i e w ,  n a m e l y ,  t h e  d i s ­
t r i b u t i o n  o f  I o n s  a r o u n d  a  h y b r i d  i o n .  We w i l l  h a v e  i n  
t h e  v i c i n i t y  o f  t h e  + v e  c h a r g e  a n  e f f e c t  s i m i l a r  
to  t h a t  o f  a  s i m p l e  p o s i t i v e l y  c h a r g e d  i o n ,  b u t  




t o  t a k e  u p  t h e i r  p o s i t i o n s  a l l  a r o u n d  t h e  + v e  c h a r g e  
o w i n g  t o  t h e  s p a c e  o c c u p i e d  b y  t h e  m o l e c u l e  o n  o n e  
s i d e ;  s e c o n d l y  t h e  p o t e n t i a l  a t  a n y  p o i n t  i n  t h e  
v i c i n i t y  o f  t h e  + v e  c h a r g e  i s  m o d i f i e d  b y  t h e  p r e s e n c e  
o f  t h e  - v e  c h a r g e  o f  t h e  h y b r i d  i o n  a t  a  f i x e d  d i s t a n c e  
away .  F ro m  e i t h e r  p o i n t  o f  v i e w ,  h o w e v e r ,  t h e  r e s u l t  
w i l l  b e  a n  u n e q u a l  d i s t r i b u t i o n  o f  c h a r g e s  q u i t e  
s i m i l a r  i n  k i n d  t o  t h a t  c a l c u l a t e d  b y  D e b y e  a n d  H u c k e l  
and  i t s  m a g n i t u d e  m a y  p o s s i b l y  b e  t h e o r e t i c a l l y  
e s t i m a t e d  a t  s o m e  f u t u r e  t i m e .
As i t  s e e m s  i m p o s s i b l e  a t  t h i s  s t a g e  t o  
c a l c u l a t e  t h e  e f f e c t  o f  a  h y b r i d  i o n  o n  s o l u b i l i t y  
o f  s a l t s  i t  i s  n o t  p o s s i b l e  t o  u s e  t h e  s o l u b i l i t i e s  . 
a s  a  m e a n s  o f  e s t i m a t i n g  a c c u r a t e l y  t h e  a m o u n t  o f  
h y b r i d  i o n s  i n  s o l u t i o n s  o f  a m p h o l y t e s .  I f ,  h o w e v e r ,  
we a s s u m e  t h a t  t h e  s o l u b i l i t y  i n c r e a s e s  a r e  d u e  t o  
h y b r i d  i o n s  we c a n  c a l c u l a t e  t h e  m i n im u m  q u a n t i t i e s  
o f  h y b r i d  i o n s  b y  d i v i d i n g  t h e  a p p a r e n t " i o n i c  s t r e n g t h "  
o f  t h e  s o l u t i o n  a s  d e t e r m i n e d  f r o m  t h e  s o l u b i l i t y  c u r v e s  
o f  t h e  s a l t ,  b y  t h e  i o n i c  s t r e n g t h  c a l c u l a t e d  f o r  a  
B a l t  s o l u t i o n  o f  t h e  e q u i v a l e n t  s t r e n g t h .  T h i s  h a s  
been  d o n e  i n  T a b l e s  4 2  t o  68  . A n o t h e r j w a y  o f  r e g a r d i n g  
th e  r e s u l t s  i s  a s  a  m e a s u r e  o f  t h e  e x t e r n a l  f i e l d  o f  
t h e  h y b r i d  i o n s .  A s s u m i n g  t h e  p r a c t i c a l l y  c o m p l e t e  
i o n i s a t i o n  o f  t h e  ampholyte i n t o  h y b r i d  i o n s ,  a s  
B je r ru m  d o e s ,  t h e  r a t i o  o f  t h e  e f f e c t  m e a s u r e d  t o  t h a t
c a l c u l a t e d /
c a l c u l a t e d  f o r  a  eel I t ,  w i l l  r e p r e s e n t  t h e  r a t i o  o f
t h e  e x t e r n a l  f i e l d  o f  t h e  c h a r g e s  o f  t h e  h y b r i d  i o n ,
t o  t h e  f i e l d  w h i c h  i s  i n t r a m o l e c u l a r .
T h e  r a t i o s  r  g i v e n  i n  T a b l e s  3 t o  4 2  a r e  n o t
d i r e c t l y  a  m e a s u r e  o f  t h e .  r e l a t i v e  e f f e c t  o f  t h e
h y b r i d  i o n .  I n  o r d e r  t o  e s t i m a t e  t h e  a p p a r e n t
c o n c e n t r a t i o n  o f  i o n s  i n  t h e  a m p h o l y t e  s o l u t i o n s  u s e
was m a d e  o f  t h e  " i o n i c  s t r e n g t h "  p r i n c i p l e  o f  G . N . L e w i s
a n d  t h e  t h e o r y  o f  D e b y e  & H u e k e 1 .  D e b y e  & H u c k e l ’ s
t h e o r y  g i v e s  f o r  t h e  s o l u b i l i t y  o f  u n i - u n i v a l e n t
s a l t  i n  a  s o l u t i o n  o f  i o n s
l o g  " f 0 =  *357  ( v /V c  V~x "  cfl v l )
w here  So i s  t h e  m o l a l  s o l u b i l i t y  o f  t h e  s a l t  i n  p u r e
w a t e r , S  i 3  t h e  m o l a l  s o l u b i l i t y  o f  t h e s a l t  i n  a  s a l t
s o l u t i o n ,  0 i s  t h e  m o l a l  c o n c e n t r a t i o n  o f  e a c h  i o n
i n  t h e  s o l u t i o n  a n d  V i s  t h e  v a l e n c y  o f  e a c h  i o n .
T h i s  c o n t a i n s  t h e  p r i n c i p l e  o f  L e w i s ,  who g a v e  t h e
p u r e l y  e m p i r i c a l  r u l e  t h a t  t h e  s o l u b i l i t y  o f  a  s a l t
was t h e  s a m e  i n  a l l  s o l u t i o n s  o f  t h e  s a m e " i o n i c
s t r e n g t h "  w h e r d  t h e  i o n i c  s t r e n g t h  w a s  d e f i n e d  a s  b e i n g  
2
e q u a l  t o  |  £  CV . {Che f a c t o r  *35 7 w h i c h  i s  t h e  
t h e o r e t i c a l  r e s u l t  o f  t h e  c a l c u l a t i o n  o f  D e b y e  &
Hueke 1 i s  f o u n d  t o  r e p r e s e n t  a n  u p p e r  l i m i t  a n d  i n  
p r a c t i c e  t h e  v a l u e  i s  f o u n d  t o  v a r y  b e t w e e n  *36 a n d  
•24 a n d  i n d e e d  t o  f a l l  f a r  b e l o w  t h i s  v a l u e  e v e n  i n  
r e a s o n a b l y  d i l u t e  s o l u t i o n s  ( *10N )  e s p e c i a l l y  i n  t h e  
case  o f  s a l t s  o f  t h e  p o l y v a l e n t  t y p e s .
I f  we p l o t  t h e  v a . l u e s  o f  l o g  a g a i n s t  sit 
we s h o u l d  i n  t h e  i d e a l  c a s e  o b t a i n  a  s t r a i g h t  l i n e .




S i l t  S o l u t i o n s  u t  2 5  C-S 01 u kl ( 111) il ue f
Cd -Sott
! C i  S  o u .
f a c t  u s i n g  a n y  g i v e n  s a l t  i n  s o l u t i o n s  o f * o t h e r  s a l t s
we o b t a i n  a  s h e a f  o f  a p p r o x i m a t e l y  s t r a i g i t  l i n e s
l y i n g  c h i e f l y  w i t h i n  t h e  z o n e  b o u n d e d  b y  t h e  l i n e s
c o r r e s p o n d i n g  t o  t h e  t h e o r e t i c a l  e q u a t i o n  w i t h  t h e
f a c t o r s  *36 and « 3 4 .  The  c a s e  o f  s i l v e r  B r o m a t e  i s
s h o w n  i n  G r a p h  I .  The  s o l u b i l i t y  m e a s u r e m e n t s  w e r e
d o n e  b y  D a l t o n ,  P o m e r o y  a n d  W eym outh  ( J . A m e r . Chem. s o c . ,
4 6 , 6 3  ) .  P ro m  t h e  g r a p h  we c a n  f i n d  t h e  a p p a r e n t
i o n i c  s t r e n g t h  o f  a  g i v e n  a m p h o l y t e  s o l u t i o n  b y
r e a d i n g  o f f  t h e  v a l u e  o f  w h i c h  c o r r e s p o n d s  t o
t h e  v a l u e  f o u n d  f o r  l o g - | j  . H e n c e  we f i n d  t h e  v a l u e
S o
o f  £ c / f o r  t h e  s o l u t i o n  a n d  b y  s u b t r a c t i n g  f r o m  t h i s  
t h e  v a l u e  o f  ¿ c / f o r  t h e  i o n s  o f  s i l v e r  b r o m a t e  (^°j 
we g e t  t h e  v a l u e  o f  ¿ c i / f o r  t h e  a m p h o l y t e  
I n  t h i s  w a y  we f i n d  t h e  v a l u e s  s h o w n  i n  T a b l e  4 3 
o b t a i n e d  f r o m  t h e  c e n t r a l  l i n e  ( T h e o r e t i c a l  =  * 3 0 )
63.
T a b l e  4 3 .




1 ^  
s o
^ c v 2 c s v * C ^ 2 y
. 0 0 0 1 - 0 0 0 •  000 • 138 •  0165 • 0165 . 0000
• 035 1 -Q33 . 0 1 4 • 1 8 1 • 0338 •  0171 •  0157 •  31
• 0 5 0 1 . 0 5 3 •  033 •3 0 9 • 0437 • 0 1 7 4 • 0363 •  36
• 1 0 0 1 . 0 9 9 •0 4 1 •  378 • 0773 • 0 1 8 3 • 0591 • 39
• 300 1 - 1 7 5 • 070 • 383 • 14 70 • 0194 . 1 3 7 6 *38
Mean • 3 0
I n  t h e l a s t c o l u m n  h e a d e d  y  i s g i v e n t h e  v a l u e o f  t h e
i o n i c  s t r e n g t h  t h u s  f o u n d  d i v i d e d  b y  t h e  i o n i c  s t r e n g t h  
c a l c u l a t e d  f o r  a  u n i - u n i v a l e n t s a l t  o f  e q u i v a l e n t  
c o n c e n t r a t i o n .  T h i s  m e a n s  t h a t  t h e  a p p a r e n t  
c o n c e n t r a t i o n /
c o n c e n t r a t i o n  o f  i o n s  i n  t h e  g l y c i n e  s o l u t i o n s  i s  
a b o u t  »30 o f  t h a t  w h i c h  i t  w o u l d  h a v e  o n  t h e  a s s u m p t ­
i o n  t h a t  t h e  h y b r i d  i o n  h a s  a n  e f f e c t  e q u a l  t o  t h a t  
o f  tw o  u n i v a l e n t  i o n s  o f  o p p o s i t e  c h a r g e  c o m p l e t e l y  
s e p a r a t e d  f r o m  e a c h  o t h e r .
I n  v i e w  o f  t h e  a n o m a l o u s  e f f e c t  i n  t h e  c a s e  
o f  t h e  s i l v e r  a n d  l e a d  s a l t s  m e n t i o n e d  b e f o r e  ( p . 4 3  )
I  h a v e  n o t  c a r r i e d  o u t  t h i s  c a l c u l a t i o n  i n  t h e  c a s e  
o f  t h e  o t h e r  a m i n o  c a r b o x y l i c  a c i d s  w i t h  . s i l v e r  
h r  o r n a t e  a n d  l e a d  bromide. The  r e s u l t s  o f  t h e  c a l c u l a t ­
i o n  in  t h e  c a s e s  o f  t h e  o t h e r  s a l t s  a r e  g i v e n  i n
64.
T a b l e s  4 3  t o  68 .
T a b l e  4 3 .
S i l v e r  B r o m a t e  I n  T a u r i n e .
o
i loC*So
£ c v 2 ÌCgV2 y
*000 1 . 0 0 0 . 0 0 0 0 • 1 2 8 • 0165 • 0165 • 0000
» 025 1 . 0 1 8 • 0 0 7 6 ♦ 155 • 0240 • 0168 . 0072 • 14
• 050 1 . 0 2 3 . 0119 • 171 • 0292 • 0170 • 01'22 • 12
*100 1 . 0 4  6 « 0195 • 200 • 04 0 0 • 0173 • 0227 • 11
• 200 1 . 0 8 3 • 0 3 4  6 • 254 » 0 64 5 • 0179 • 0466 . 12
Mean =3 • 13
T a b l e  4 4 .
S i l v e r  B r o m a t e  i n T a u r o b e i a i n e .
O
s 1 s 
loci s b ^ c v 2 £ c s v2 y
*000 1 . 0 0 0 . 0 0 0 0 • 128 • 0165 • 0165 • 0000 ...
• 0 2 5 1 . 0 1 8 - 0 0 7 6 • 155 • 0 24 0 • 0168 • 0072 •14
• 050 1 . 0 3 1 . 0 1 3 2 ♦176 • 0310 . 0 1 7 1 • 0139 •14
. 1 0 0 1 - 0 5 3 • 0224 • 210 • 0441 • 0 1 7 4 • 0267 •13
• 200 1 • 094 • 0391■ • 270 • 0729 • 0181 «054 8 •14
Mean — •1 4
I n  t h e  c a s e  c f  l e a d  b r o m i d e  t h e  o n l y  r e s u l t s  
a v a i l a b l e /
ofcûxi/ Í^TffVrUcíey
L o n  a.
T *  eort t  it&L
65 .
a v a i l a b l e  f o r  p l o t t i n g  l o g - | Q a g a i n s t  c v 'a x e  t h e s e  
w h i c h  I  o b t a i n e d  f o r  t h e  s o l u b i l i t y  o f  l e a d  b r o m i d e  i n  
am m onium  n i t r a t e .  The c a l c u l a t i o n s  a r e  s h o w n  i n  
T a b l e  45  a n d  t h e  r e s u l t s  a r e  p l o t t e d  i n  G r a p h  p.
T h i s  g r a p h  w a s  u s e d  i n  f i n d i n g  t h e  v a l u e s  o f  s / T c v x 
g i v e n  i n  T a b l e s  4 6 a n d  4 7 .
T a b l e  45  .
L e a d  B r o m i d e  i n  Ammonium N i t r a t e .
o s
, 
0 toĉ ! o £cv/2 ß c v 2
. 0 0 0 • 0 3 6 7 1 . 0 0 0 • 0 0 0 0  »1603 - 4 0 0
• 035 . 0 3 3 7 1 . 0 7 3 . 0 3 0 6  . 3 3 3 4 • 4 7 1
. 090 • 03 0 3 1 - 1 4  3 - 0 5 8 0  . 3 3 1 3 • 531
• 100 • 0335 1 - 3 5 8 • 0 9 0 7  - 4 0 1 0 • 63 3
. 3  00 . 0 3 8 0 1 -4 33 . 1 5 3 3  . 6 3 8 0 • 839
T h e o r e t i c a l  f o r • i o  M:- i  l o g - | o=  » 3S(- 633 —- 4 0 0  ) =  . 0 7 3 3
iO«r-5 «  
°  So
• 1444
o r Ì  l o g - | o=  • 34(- 633 —- 4 0 0  ) =  • 04 33
l o g - |  =  » 08 64
So
T a b l e  4 6 .




000 1 . 0 0 0 . 0 0 0 0 . 4 0 0 - 1 6 0 ♦ 160 -0 0 0 -
035 1 - 0 3 4 • 0145 • 4 34 . 1 3 8 . 1 6 6 -0 3 3 *44
05 0 1 - 0 6 0 • 0353 - 4 6 0 . 3 1 3 - 1 7 0 . 04 3 • 4 3
100 1 - 1 0 5 - 0 4 3 3 • 501 . 3 5 1 - 1 7 7 . 0 8 4 -4 3




T a b l e  4 ? .
L e a d  B r o m i d e  i n  T a u r o b e t a i n e .
Q
s 1 s
J i c v 2 * c sv 2 y
. 0 0 0 1 . 0 0 0 • 0 0 0 0 -4 0 0 • 160 • 160 . 0 0 0 -
*035 1 - 034 . 0 1 4 5 • 4 34 - 1 3 3 - 166 . 033 • 44
3 0 5 0 1 . 0 6 7 • 0383 • 4 6 6 • 317 - 1 7 1 . 0 4  6 . 4 6
• 100 1 - 1 3 4 • 0546 • 5 3 8 • 379 - 1 8 0 - 09 9 • 45
. 3 0 0 1 . 3 3 4 . 0 8 7 8 • 605 • 366 • 196 . 1 7 6 • 44
Mean = »45

T l t í o r  « Í í c a L
T h e  o n l y  f i g u r e s  a v a i l a b l e  f o r  - » l o t t i n g  l o g ■—
  So
a g a i n s t  V ^ c / i n  t h e  c a s e  o f  t h a l l o u s  t h i o c y a n a t e  a r e  
t h o s e  o b t a i n e d  b y r n y s e l f  f o r  t h e  s o l u b i l i t y  o f  t h i s  
s a l t  i n  am m onium  n i t r a t e .  The  c a l c u l a t i o n s  a r e  sh o w n  
i n  T a b l e  4 8  a n d  t h e  r e s u l t s  a r e  p l o t t e d  i n  G r a p h  3 . 
(T h i s  g r a p h  w a s  u s e d  i n  f i n d i n g  t h e  v a l u e s  o f  / d /  
g i v e n  i n  T a b l e s  49  t o  54 .
T a b l e  4 3 .
66 .
T h a l l o u s T h i o c y a n a t e  i n Aimnonium N i t r a t e .
a s
s
l° q  s 0 é c v 2 f e w " *
000 * 014 7 1 . 0 0 0 . 0 0 0 0 • 0394 •1 7 1
025 . 0 1 5 3 1 - 0 7 5 • 0 315 . 0816 . 2 8  6
050 . 0 1 6 6 1 . 1 3  0 • 05-31 *1332 • 365
100 . 0 1 8 0 1 - 1 2 2 5 . 0 8 8 1 • 2360 »435
200 . 0 3 0 2 1 - 3 7 4 • 1 3 3 0 • 4 4 0 4 . 6 6 4
T h e o r e t i c a l  f o r  *10 N : -
l o g _S -  . 3 6  ( . 4 3 5  -  *171 ) =  -1 1 2 0
So
o r  l o g - — =  • 24 ( «485 -  *171 ) =  * 0 7 5 4 .
T a b l e  4 9.




w>|«0 1 -  loci s o J S 2 £ c v 2 Z c y y
. 0 0 0 1 . 0 0 0 • 0000 . 1 7 1 • 0294 . 0 2 9 4 . 0 0 0 0 -
• 025 1 - 0 1 4 . 0 0 6 0 . 194 . 0376 . 0293 . 0078 • 16
• 050 1 . 0 2 7 • 0115 • 213 • 0454 . 0302 • 0152 • 15
• 1 00 1 . 0 4 1 ♦0174 •234 . 0547 . 0306 . 0241 • 12
. 2 0 0 1 . 0 7 5 . 0 2 1 5 • 250 «0625 . 0 3 1 6 • 03 09 • 03
Mean =  >13
T a b l e  5 ° .
T h a l l o u s T h i o c y a n a t e  I n  / d a m i n o p r o p i o n i c a c i d
Q
%.
So %o j S ^ 2 £ c v * i r c sv 2 y
000 1 - 0 0 0 . 0 0 0 0  - 171 • 0294 • 0294 • 00G0 -
025 1 . 0 1 4 • 0060  *194 . 0 3 7 6 . 0293 • 0078 •16
050 1 . 0 3 4 • 0 1 4 5 • 2 4 4 • 0595 • 0 3 04 • 0291 • 29
100 1 - 0 6 2 • 0 2 7 1 . 2 7 0 • 0729 • 0 3 1 2 . 0 4 1 7 • 21
200 1 - 1 1 3 • 04 64 • 3 3 7 • 1 1 3 6 . 0 3 2 8 . 0808  
Mean =
. 2 0  
• 21
6 7 .  
T a b l e  51 .
T h a l l o u s T h i o c y a n a t e i n  x am ino  b u t y r i c  a c i d •
a i
i 5
loct s 0 £ c v 2 Y
*000 1 - 0 0 0 .0 0 0 0 • 171 • 0394 •0 394 • 0000 —
. 0  35 1 . 0 3 4 •0115 *313 .0 4 5 4 .0 3 0 3 • 0153 •30
*05 0 1 .0 4 3 .0 3 0 3 • 345 .0600 • 0,303 •0393 .3 9
*100 1 . 1 0 3 .0 4 3 3 • 34 3 *1176 •0334 • 0853 •43
• 300 1*134 . 0 734 •434 *1380 • 0348 •1533 •38
Mean = • 43
T a b l e  a 2.
T i a l l o u s T h i o c y a n a t e  In ¿  a m i n o .
v a l e r i c  a c i d . *
a
_s
1 5 ? £ c .v 2 y
.0 0 1 . 0 0 0 • 0000 • 171 • 0394 .0394 .0 0 0 0 —
•10 1 .095 • 0395 • 314 . 0986 • 0333 .0 6 6 4 •33
.3 0 1 . 1 5 6 .0 6 3 0 • 33 6 . 1568 • 0340 • 1338 • 31
Mean = _ .3 3
Q
T h a l l o u s  
s. i s. 
So locí s0
T a b l e  53.
T h i o e y a n a t e  i n  
' í á c V 2  ^ C V 2
, T a u r i n e .
£ c 0 v 2 y
• 000 1 - 0 0 0 .0 0 0 0 *171 • 0394 • 0394 •  0000 —
• 035 1  . 0 1 4 .  0060 •  194 •  0376 • 0398 .0 0 7 8 •  16
• 050 1 - 0 3 4 • 0145 • 344 .0 5 9 5 .0  304 • 0391 • 39
• 100 1  . 0 6 8 • 0386 • 374 • 0751 • 0314 • 04 3 7 • 33
• 300 1 - 1 3 0 . 0 5 3 1 • 363 .1 3 1 0 . 0333 • 0978 • 34
Mean =  *33
T a b l e  84 .
T h a l l o u s  l a l o  c y a n  a t e  i n  T a u r o b e t a i n e .
a
S
S o sQ & £cv* Z c ^ 2 y
000 1 .0 0 0 .0 0 0 0 • 171 .0 3 9 4 • 0394 . 0 0 0 0 —
035 1 • 030 • 0086 .3 0  3 .0 4 1 3 .0 3 0 0 • 0113 • 33
050 1 .0 4 1 • 0174 • 334 .0 5 4 8 .0 3 0 6 .0 3 4 3 • 34
100 1 • 088 . 0 3 6 7 • 3 03 • 0918 . 0330 .0 5 9 3 . 30
300 1 .1 7 0 .0 6 8 3 • 416 *1731 .0 3 4 4 • 1337 .  3 4
Mean =  *37
'Ú'hxJLÍcrljuo ß n r̂wayte-
• So t ub / l f t w  of  T/v a l l  o US Br dTnl t  t  L-rv S ^ l t  c5olc-t¿on..S
6 8 .
The o n l y  f i g u r e s  a v a i l a b l e  f o r  p l o t t i n g  l o g  —
k 0
a g a i n s t  JlOvin t h e  c a s e  o f  T h a l l o u s  B ro m a te  a r e  t h e s e  
w h i c h  I  h a v e  o b t a i n e d  f o r  t h e  s o l u b i l i t y  o f  t h i s  s a l t  
i n  Ammonium N i t r a t e .  The c a l c u l a t i o n s  a r e  shown i n  
T a b l e  55 a n d  t h e  r e s u l t s  a r e  p l o t t e d  i n  G ra p h  4 .
T h i s  g r a p h  w as  u s e d  i n  f i n d i n g  t h e  v a l u e s  o f  v7T7’ 
g i v e n  i n  T a b l e s  56 t o  6 1 .
T a b l e  5 5 .
S o l u b i l i t y  o f  T h a l l o u s  B r o m a te  i n  Ammonium




‘°9 £ c v 2
. 0 0 0 • 0 1 2 4 i  •. 0 0 0 • 0 0 0 0 • 0 2 4 8 • 1 5 7
• 0 3 5 • 0 1 3 0 i • 0 5  3 . 0 2 2 4 . 0 7 6 0 • 2 7 6
• 0 5  0 • 0 1 3 8 i  -• 1 1 3 • 0 4 8 3 • 1 2 7 4 • 3 5  7
• 1 0 0 . 0 1 5 5 l • 2 4 0 • 0 9 6 5 . 2 3 1 5 • 4 8 0
• 3 0 0 . 0 1 7 6 i « 4 1 4 • 1 5 0 4 •4 3 6 2 2 . 6  6 0
T h e o r e t i c a l  f o r • i o  n :-
• 1 5  7  ) =l o g  -~ =  - 3 6 ( . 4 8 0  - • 1 1 6 3
o r Soq
• 1 5 7  ) =l Q g - | 0 "  .  2 4 ( . 4 8  0  - .  0 7 7 5
T a b l e  5 6 ,




1 ^  l o q  s d £ c v 2 £ c s v 2 y
• 0. 0 0 1 . 0 0 0 • 0 0 0 0 • 1 5  7 0 2 4 7  . 0 2 4 7 • 0 0 0 0 _
- . 0 2 5 1  * 0 1 4 . 0 0 6 0 - 1 7 5  • 0 3 0 6  . 0 2 6 0 . 0 0 4 6 • 0 9
• 0 5 0 1  . 0 2 3 » 0  0 9 8 • 1 9 0 0 3 5 1  * 0 2 7 4 • 0 0 8 7 . 0 9
• 1 0 0 1 . 0 5 9 . 0 2 4 9 • 2 3  8 0 5 6 7  - 0 3 1 0 • 0 2 5  7 • 1 3
• 2 0 0 1 - 1 1 4 • 0 4 6 8 • 3 1 3  • 0 9 8 0  . 0 3 5 2 • 0  6 2 8  _ _ • 1 6
Mean = • 1 2
T a b l e  5  7 .





! o c t £ c v 2 y
• 0  0 0 1 - 0 0 0 • 0 0 0 0 • 1 5 7 • 0 2 4 7  . 0 2 4 7 . 0 0 0 0 -
• 0 2 5 1 - 0 1 4 . 0 0 6 0 • 1 7 5 • 0 3 0 6  . 0 2 5 1 • 0 0 5 5 • 1 1
• . 0 0 0 1 - 0  2 4 . 0 1 0 3 • 1 9  2 • 0 3 6 9  - 0 2 5 4 • 0 1 1 5 - 1 2
• 1 0 0 1 - 0 7 0 • 0 2 9 4 • 2 5 6 • 0 6 5 5  . 0 2 6 5 • 0 3 9 0 • 1 9
• 2 0 0 1 - 1 3 4 9 0 5 4 6 ♦ 3 4  0 - 1 1 8 3  . 0 3 8 1 • 0 8 9 8 • 2 2
Mean ~ • 1 6
69
T a b le  5 3 .
T h a l l o u s  B r o m a te  i n  V am ino  b u t y r i c  a c i d .  S , S. r ------ 0 _Q sS>o H i /
. 0 0 0 1 •000 • 0000 •157 • 034 7 •0347 .0 0 0 0 —i
• 035 1 •016 • 0068 • 179 •0330 • 035 3 • 0068 • 14
• 05 0 1 .0 3 8 *0119 • 196 • 0384 • 0355 • 0139 »13
• 100 1 .0 7 6 •0319 • 364 • 0697 . 0 3 6 6 • 04 33 • 31
• 300 1 • 150 • 0607 • 3 60 • 1396 • 0385 • 1009 • 35
Mean = ♦ 18
T a b l e  5 9.









1 . 0 0 0  
1 . 0 6 6  
1*133
• 0000 
. 0 3 7 8  
• 0543
•157  .0 347  
•350 .0 6 3 5  
•338  -1143














T h a l l o u s  B ro m a te  i n  
So J á c v 2 ^ C V 2
T a u r i n e
£ c sv/2
•






1 . 0 0 0
1*007
1 -0 1 4
1 - 0 5 1






•157  .0 3 4 7  
•167  .0 3 7 9  
•175 -0306  
•338  *0530 







. 0 0 3 0  ( 
.0 0 5 5  ( 
. 0 3 6 0  
. 0570
.0 6  ) 





T a b l e  61.











1 . 0 0 0  
£ • 009 
1*037 
1 . 0 5 9  
1*118
. 0 0 0 0  
.0 0 3 7  
• 0115 
» 034 9 
• « 04 64
.1 5 7  -0347 
.1 6 9  . 0 3 8 6  
•195 .0 3 8 0  
• 340 -057 6 




. 0 3 6 3
• 0376
. 0 0 0 0  
. 0 0 3 6  ( 







Mean =  »15
Çj oJtusWYr̂  ci irdLvjfo'
7 0 .
A g a i n  i n  t h e  c a s e  o f  C a l c i u m  I o d a t s  t h e
o n l y  a v a i l a b l e  v a l u e s  f o r  p l o t t i n g  l o g - | Q a g a i n s t
J l E c v *  a r e  t h o s e  I  o b t a i n e d  f o r  t h e  s o l u b i l i t y
o f  t h i s  s a l t  i n  ammonium n i t r a t e  s o l u t i o n s .  The
c a l c u l a t i o n s  a r e  shown i n  S a b l e  62 a n d  t h e  r e s u l t s
was
a r e  p l o t t e d  i n  G ra p h  5 . T h i s  g r a p h / u s e d  I n  f i n d !  
t h e  v a l u e s  o f / i c v ^ g i v e n  i n  T a b l e s  6.3 t o  08 .
T a b l e  0 3 .




i/îjtO 1 5.loCi So é c v 2 N^.CV
.000 . 0 0 7 9 1.000 • 0000 .04  74 •318
• 025 • 0088 1 .1 0 8 . 0444 . 1028 • 3 31
. 050 • 0095 1 -196 . 0778 • 1570 • 3 96
• 100 . 0107 1 .3 4 8 . 1297 .2 6 4 2 •514
. 2 0 0 • 0125 1 - 5 8 0 . 1987 • 4750 . 689
T h e o r e t i c a l  f o r  »10 M
o r
1. i o r r - §  =  *36 ( . 5 1 4  - . 2 1 8 )  =
8 • S °
• * l o g
Ù 0
i- l o g  -§ =  .34 ( -514  -  . 3 1 8  ) =
45 DO
« * l o g  —
• 1066 
.2 1 3 3
.0 7 1 0  
. 1430
T a b l e  63 . 
C a l c i u m  l o d a t e  i n  G l y c i n e .
a 0 1 A-loc) So ^ C V 2 ¿ c £v * £c«v /2 V
. 0 0 0 1.000 .0000 .2 1 8 .04  74 • 04 74 .0000 -
•025 1 . 0 1 9 • 0080 • 237 • 0562 • 0483 • 0079 • 16
• 050 1 *045 .0 1 9 1 • 261 .0 6 8 1 • 0495 .0 1 8 6 •18
-100 1 . 0 9 1 • 038!8 • 305 • 0930 • 0517 • 0413 • 20





T a b le  64 ,
C a l c i u m I o d a t e  i n  p a m i n o  p r o p i o n i c a c i d . .
û
S. 1 2* [<x\ X ^C-V2 SV2 V 1 y
• QOG 1 . 0 0 0 • 0000 -218 •04 74 .0 4  74 • 0000 —
. 0 2 5 1 .  027 -0115 .245 • 0600 • 0486 • 0114 • 23
• 05 Ü 1 - 0 5 1 .0 2 1 6 • 268 • 0718 • 0498 • 0220 • 22
• 100 1 - 0 9 6 - 0 3 9 9 .3 1 0 • 0961 • 0519 . 0442 • 22
• 300 1 .203 • 08 03 • 4 03 • 1634 • 0570 • 1054 . 2 6
Mean -- • 23
b l e  6 5 ,
C a l c i u m  I o d a t e  i n > am ino b u t y r i c a c i d .
Q
5
So H i '¡¿CSJ* Y
•000 1 . 0 0 0 • 0000 • 218 • 04 74 • 04 74 .0 0 0 0 —
• ÜS5 1 . 0 2 7 - 0115 •24 5 • 0600 • 04 8 6 •0114 • 23
• 050 1 - 0 5 3 - 0 224 • 270 . 0729 . 0500 • 0229 • 23
• 100 1 . 0 8 9 .0 3 7 1 • 3 04 •09 24 • 0516 • 0408 .2 0
• 200 1 - 2 0 9 • 0823 • 407 • 1656 . 0573 . 108 3 • 27
Mean =: • 23
* T a b l e  6 6 .
C a l c i u m  i o d a t e  i n £  amino v a l e r i c  a c i d .
Q Ì oci s0 / f c v 2- è c v 2 y
• 00 1 - 0 0 0 0000 •218 .04  74 -04 74 .0 000 -
• 10 1 - 1 1 8  • 048 3 • 330 • 1089 • 0530 • 0559 028
• 20 1 - 2 2 0  - 0864 -4 1 6 • 17 31 - 0578 • 115 3 029
Mean= 028
T a b l e  67 .
C a l c i u m I o d a t e i n  T a u r i n e .
Q
a
5o l o 9  s 0 /¿C.V1 ^ v 2 Y
• 000 1 . 0 0 0 . 00 0 0 • 218 • 04 74 • 04 74 • Q000 -
• 025 1 - 0 1 3 • 0055 .2 3 1 -0534 . 0480 • 0054 ( •11 )
• 050 1 - 038 . 0161 •255 .0 6 5 6 • 0492 .0 1 5 8 ( • 16 )
• 100 1 .0 8 9 • 0371 • 305 • 0930 • 0516 . 0414 . 21
• 200 1 - 1 6 5 . 0664 - 3 72 . 1383 • 0552 • 0831 *21
Mean = • 17
T a b l e  68 .
C a l c i u m  I o d a t e  i n T a u r o b e t a i n e .
a S0 l o S  s 0 )Hcva £ c v a <£csv 2 £ c 0v a y
.0 0 0 1 - 0 0 0 • 0000 • 218 . 04 74 . 04 74 • 0000 -
•0 25 1 - 0 0 7 .0 0 2 9 • 235 .0 5 0 6 - 0477 .0 0 8 9 .06
•050 1 - 0 1 3 .0 0 5 5 • 232 • 05 39 • 0480 .0 0 5 9 .0 6
• 100 1 . 0  38 -0161 • 256 -0656 .0 4 9 2 • 0164 .0 8
• 200 1 - 0 7 6 -0317 • 291 • 0847 -0510 • 0337 • 08
Mean = .0 7
The r e s u l t s  o b t a i n e d  i n  T a b l e s  4 2 t o  68 
h a v e  b e e n  s u m m a r i s e d  i n  T a b l e  69 w h i c h  g i v e s  t h e  mean  
v a l u e s  o f  y  f o u n d  f o r  e a c h  a m p h o l y t e  w i t h  e a c h  s a l t .
7 2 .
Summary T a b l e  6 9 .
........ ' I  " ........ ............ ' " 2 3 4 5 6
A m p h o ly te AgBrOj PbBr 2 TlSCN T l B r 0 3 ca( I 0 3 ) 2
G l y c i n e • 30 - • 13 •18 • 30
am ino  p r o p i o n i c — — • 81 • 16 • 33
a c i d
a m ino  b u t y r i c  a c i d - - • 3-5 • 18 • 33
a m ino  v a l e r i c  a c i d - - • 3 8 • 80 • 38
T a u r i n e • 18 ( -41 ) • 83 • 13 • 17
T a u r o b e t a i n e •14 ( »45 ) • 87 • 15 ( -07 )
F ro m  a n  e x a m i n a t i o n  o f  T a b l e  69 no  g r e a t  r e g u l a r i t i e s  
a p p e a r .  I n  C o lum ns  4 ,  5 a n d  6 t h e r e  a p p e a r s  t o  b e  a  
r e g u l a r  i n c r e a s e  i n  t h e  e f f e c t  w i t h  i n c r e a s i n g  l e n g t h  
o f  c h a i n  w h i c h  i s  m o s t  m a r k e d  i n  t h e  c a s e  o f  TlSCN. 
O m i t t i n g  t h e  t h r e e  f i g u r e s  shown i n  b r a c k e t s  t h e  
f i g u r e s  a r e  HSi  c o m p a t i b l e  w i t h  t h e  t h e o r y  t h a t  t h e y  
e x p r e s s  a n  e f f e c t  d u e  t o  a  common p h y s i c a l  c a u s e .
On t h e  o t h e r  h a n d ,  t h e  a g r e e m e n t  b e t w e e n  t h e  f i g u r e s  
i s  n o t  s u f f i c i e n t l y  c l o s e  t o  make  i t  c e r t a i n  t h a t  
t h i s  i s  s o ;  t h e r e  r e m a i n s  t h e  p o s s i b i l i t y  t h a t  t h e  
e f f e c t  i s  d u e  t o  some s p e c i f i c  c h e m i c a l  a c t i o n  i n  
e a c h  c a s e ,  t h e  e x t r e m e  cas©3 o f  w h i c h  ( w i t h  l e a d  
b r o m i d e )  h a v e  b e e n  o m i t t e d  f r o m  t h e  t a b l e .  I t  m u s t  
b e  r e m e m b e r e d  t h a t  t h e  m e t h o d  o f  a n a l y s e s  a n d  t h e  
q u a n t i t i e s /
q u a n t i t i e s  o f  a m p h o l y t e  a v a i l a b l e  r e n d e r e d  h i g i  
a c c u r a c y  i m p o s s i b l e  a n d  s m a l l  e r r o r s  i n  t h e  a n a l y s e s  
w i l l  r e s u l t  i n  c o n s i d e r a b l e  e r r o r s  i n  t h e  r e s u l t  
e s p e c i a l l y  a t  t h e  l o w e r  c o n c e n t r a t i o n s .  The e r r o r s  
a r e  1 l i v e l y  t o  b e  a t  t h e i r  maximum i n  t h e  c a s e s  o f  X 
a n d  S a c i d s  w h i c h  w e r e  i n  v e r y  s m a l l  q u a n t i t i e s .
T h e r e  r e m a i n s / s e r i e s  o f  n u m b e r s  v a r y i n g  f r o m  »12 t o  
•37  e x p r e s s i n g  t h e  r e l a t i v e  e f f e c t  o f  t h e  h y b r i d  i o n s  
o f  t h e  cX a n d  t y p e s  o n  t h e  s o l u b i l i t y  o f  s a l t s .
The  a s s u m p t i o n  t h a t  t h i 3  e f f e c t  i s  d u e  t o  
t h e  e l e c t r i c  c h a r g e s  on  t h e  h y b r i d  i o n  a n d  n o t  t o  
t h e  c h e m i c a l  f o r c e s  may b e  m a d e , a n d  i t s  c o n s e q u e n c e s  
f o u n d .  The f i r s t  c o n s e q u e n c e  o f  t h i s  a s s u m p t i o n  i s  
t h a t  t h e  s o l u b i l i t y  o f  a m p h o l y t e s  s h o u l d  b e  i n c r e a s e d  
i n  t h e  p r e s e n c e  o f  s a l t s .  T h i s  i s  i n  a g r e e m e n t  w i t h  
t h e  o b s e r v a t i o n  o f  B Je r r u m  on  t h e  s o l u b i l i t y  o f  
M e t h y l  O ra n g e  i n  s a l t  s o l u t i o n s  ( p .  6 ) .  An exam ­
i n a t i o n  o f  t h e  l i t e r a t u r e  r e v e a l e d  t h e  e x i s t e n c e  o f  
some o t h e r  d a t a  n o t  m e n t i o n e d  b y  B j e r r u m .  T h i s  i s  
t h e  w o r k  o f  P f e i f f e r  ( B a r . . 4 8 , 1 9  38 j  on  t h e  s o l u b i l i t y  
o f  g l y c i n e  i n  s o l u t i o n s  o f  t h e  c h l o r i d e s  a n d  b r o m i d e s  
o f  t h e  a l k a l i s  a n d  a l k a l i n e  e a r t h s .  T i e  c a s e  o f  
s t r o n t i u m  c h l o r i d e  i s  t h e  o n l y  o n e  i n  w h i c h  P f e i f f e r  
g i v e s  t h e  e f f e c t  o f  d i f f e r e n t  c o n c e n t r a t i o n s  o f  t h e  
s a l t .  I n  T a b l e  70 I  h a v e  c a l c u l a t e d  t h e  r e s u l t s  o f  
P f e i f f e r  i n  t e r m s  o f  t h e  new t h e o r y .  I n  c o l u m n s  l  
a n d  2 a r e  t h e  c o n c e n t r a t i o n s  o f  s a l t  i i s e d  a n d  a m p h o l y t e  




i n  co lu m n  3 i s  g iv e n £ c v * f o r  s a l t  + a m p h o l y t e  a s s u m i n g
t h a t  g l y c i n e  c o n t r i b u t e s  1/ 5t h  o f  t h e  t h e o r e t i c a l
i o n i c  s t r e n g t h  f o r  a  s a l t .  I n  co lum n 4 i s  g i v e n
a n d  i n  c o lu m n  5 ,  l o g - «  c a l c u l a t e d  f r o m  t r i e  v a l u e s00
g i v e n  i n  c o lu m n  2 .
T a b l e  7 0 .
S o l u b i l i t y  o f  h l y c i n e  i n  S t r o n t i u m  C h l o r i d e ,  
d» à ^ c v 2 \JZcv* lQCl l a
♦ 00 2 • 6  2 1 -05 1 . 0 2  .0 0 0
•25 2*84 2*63 1 - 6 2  . 0 3 6
•50  3*11  4 . 2 4  2 - 0 6  .0 7 5
1*00  3 . 4 7  6*39 2 . 5 3  *123
2 - 0 0  4 .3 8  1-3 .7 5  3 - 7 1  -227
s a t u r a t i n g  t h e  s o l u t i o n  e x p r e s s e d  a s  m o l e s  p e r  l i t r e ;
I n  g r a p h  6 l o g  S i s  p l o t t e d  a g a i n s t
So
Tile c i r c l e s  r e p r e s e n t  t h e  p l o t s  f o r  s t r o n t i u m  c h l o r i d e  
w h i l e  t h e  s q u a r e s  r e p r e s e n t  t h e  p l o t s  f o r  o t h e r  s a l t s .  
I t  w i l l  b e  s e e n  t h a t  t h e  c u r v e  o f  s o l u b i l i t y  o f  g l y c i n e  
i n  s t r o n t i u m  c h l o r i d e  d o e s  h o t  d e p a r t  f r o m  a  s t r a i g h t  
l i n e  a n y  m o r e  t h a n  m a j  b e  e x p e c t e d  i n  s u c h  c o n c e n t r a t ­
e d  s o l u t i o n s .  The s i m p l e s t  way i n  t h i s  c a s e  t o  c a l ­
c u l a t e  t i l e  m a g n i t u d e  o f  t h e  r a t i o  o f  t h e  o b s e r v e d  
e f f e c t  f o r  g l y c i n e  t o  t h a t  c a l c u l a t e d  f o r  a  u n i - u n i ­
v a l e n t  s a l t  i s  t o  d i v i d e  t h e  s l o p e  o f  t h e  c u r v e  b y  
t h e  t h e o r e t i c a l  s l o p e  o f  *36 ( t h e  f a c t o r  «4 i n  Debye
a n d  H ü c k e l s  e q u a t i o n ) .  From t h e  l i n e  AB r e p r e s e n t i n g
/ • 10
t h e  a v e r a g e  s l o p e  we h a v e  =  f T o i  ~  H ence
y  f o r  g l y c i n e  is" . 0 9 2 6  -  . 3 6  =  . S 5 . Thus  t h e  
s o l u b i l i t y  i n c r e a s e  i s  *25 o f  t h a t  w h i c h  w o u l d  o c c u r  
i f  g l y c i n e  w e r e  a  s a l t  w i t h o u t  i n t e r n a l  c o m p e n s a t i o n  
o f /
o f  t h e  c h a r g e s .  T h i s  r e s u l t ,  t a k i n g  i n t o  a c c o u n t  t h e  
h i g h  c o n c e n t r a t i o n  o f  t h e  s o l u t i o n s  i s  i n  e x c e l l e n t  
a g r e e m e n t  w i t h  t h e  t h e o r y  o f  t h e  h y b r i d  i o n s ;  a n d  
i t  i s  u n n e c e s s a r y  t o  i n t r o d u c e  a n y  h y p o t h e s i s  o f  
com pound  f o r m a t i o n  i n  s o l u t i o n  a s  P f e i f f e r  h a s  d o n e .
The i s o l a t i o n  o f  c r y s t a l l i n e  com pounds  s u c h  a s  
S r 0 1 2 . 3NH2 • OH2• 0 0 OH• 3H20 i s  p o s s i b l y  t o  b e  e x p l a i n ­
e d  a s  d u e  t o  " a m p h o l y t e  o f  • c r y s t a l l i s a t i o n " . T h i s  
i s  m o r e  p r o b a b l e  a s  t h e  a m p h o l y t e  i s  now a s s u m e d  t o  
b e  a  v e r y  h i g h l y  - o o l a r  s u b s t a n c e  l i k e  w a t e r , a n d  m o r e ­
o v e r  t h e  com pounds  o c c u r  w i t h  v a r y i n g  p r o p o r t i o n s  o f  
a m p h o l y t e  a n d  w a t e r  r e c a l l i n g  t h e  v a r i o u s  h y d r a t e s  
o f  t h e  s a l t s .
A n o t h e r  c o n s e q u e n c e  o f  t h e  c o n c l u s i o n  t h a t  
i o n
t h e  h y b r i d / l o w e r s  t h e  a c t i v i t y  o f  i o n s  ' i n  s o l u t i o n
i s  t h a t  i t  m u s t  l o w e r  i t s  own a c t i v i t y ,  i . e .  i n  a
s o l u t i o n  o f  a n  a m p h o l y t e  t h e r e  s h o u l d  b e  a  d e p a r t u r e
f r o m  t h e  l a w s  o f  s o l u t i o n  o f  t h e  same t y p e  a s  t h e
o s m o t i c  d e v i a t i o n s  o f  e l e c t r o l y t e s .  Now a  h y b r i d  i o n
l o w e r s  t h e  a c t i v i t y  o f  a  g i v e n  s i m p l e  i o n  b y  an  a m o u n t
e q u a l  t o  »30 -  »40 o f  t h e  am ount  b y  w h i c h  a n  o r d i n a r y
i o n  l o w e r s  t h e  a c t i v i t y  o f  t h a t  g i v e n  i o n .  s i m i l a r l y
a  g i v e n  o r d i n a r y  i o n  w i l l  l o w e r  t h e  a c t i v i t y  o f  t h e
h y b r i d  i o n  b y  »30 -  »4 0 o f  t h e  am oun t  b y  w h i c h  i t
l o w e r s  t h e  a c t i v i t y  o f  a n o t h e r  o r d i n a r y  i o n .  Thus  we
may e x p e c t  t h a t  t h e  h y b r i d  i o n  w i l l  l o w e r  t h e  a c t i v i t y  o f
2 2
a n o t h e r  h y b r i d  I o n  b y  an  am ount  e q u a l  t o  »30 t o  »40 
o f  t h a t  b y  w h i c h  a n  o r d i n a r y  i o n  l o w e r s  t h e  a c t i v i t y  
o f  a t h e r  o r d i n a r y  i o n s .  H ence  i n  a  s o l u t i o n  o f  
a n  a m p h o l y t e  t h e  o s m o t i c  p r o p e r t i e s  s h o u l d /
75
p. P. <yj c¿yj, SirivJ^iyuy^o
7
s h o u l d  a s s u m e  v a l u e s  l e s s  t h a n  t h e  t h e o r e t i c a l  i . e .  
t h e r e  s h o u l d  b e  a n  a p p a r e n t  a s s o c i a t i o n  i n c r e a s i n g  w i t h  
t h e  c o n c e n t r a t i o n  ( j u s t  a s  t h e  a p p a r e n t  d i s s o c i a t i o n  
o f  a  s a l t  d i m i n i s h e s  w i t h  c o n c e n t r a t i o n ) .  The m a g n i t u d e  
o f  t h i s  e f f e c t  s h o u l d  b e  b e t w e e n  • 30 2a n d  -4 0 2 o f  t h a t  
o f  a n  o r d i n a r y  i o n  i . e .  b e t w e e n  •04 a n d  *16 o f  t h e  
e f f e c t  o f  a n  o r d i n a r y  i o n .  An a c c u r a t e  c a l c u l a t i o n  
o f  t h e  m a g n i t u d e  o f  t h e  o s m o t i c  d e v i a t i o n  i s  n o t  
p o s s i b l e  f r o m  t h e  f i g u r e s  I  have- o b t a i n e d  f o r  t h e  
a c t i v i t i e s  b u t  a n  a p p r o x i m a t e  v e r i f i c a t i o n  o f  t h i s  
c o n c l u s i o n  c a n  b e  o b t a i n e d .  I n  g r a p h  7 I  h a v e  p l o t t e d  
a g a i n s t  t h e  c o n c e n t r a t i o n ,  t h e  d i f f e r e n c e  b e t w e e n  t h e  
P . P .  d e p r e s s i o n s  f o u n d  an d  t h o s e  c a l c u l a t e d  f r o m  t h e  
f o r m u l a  A  =  i > 8 6  x o w h e r e  0 i s  t h e  t o t a l  c o n c e n t r a t ­
i o n  o f  t h e  s p e c i e s  p r e s e n t .  The f i g u r e s  f o r  NaCl 
a r e  t y p i c a l  f o r  a l l  u n i - u n i v a l e n t  s a l t s .  They t i r e  
t a k e n  f r o m  J a h n  ( Z . p h y s i k a l . Gliern. .5 0,136 ) ;  t h e  f i g u r e s  
f o r  g l y c i n e  a r e  f r o m  R o t h  ( Z . p h y s i k a l . f l h e m . , 4 3 , 5 5 8 )
I t  w i l l  b e  s e e n  t h a t  t h e  v a l u e s  f o r  g l y c i n e  a r e  a b o u t  
l / l O  o f  t h o s e  f o r  a  u n i - u n i v a l e n t  s a l t .  T h i s  i s  i n  
a g r e e m e n t  w i t h  t h e  a r g u m e n t  o u t l i n e d  a b o v e  a s  w i l l  b e  
s e e n  f r o m  t h e  c a l c u l a t i o n  b e l o w .
F o r  *10 N s a l t  we h a v e  t h e  e q u a t i o n  o f  Debye  & H t tc k e l  
I -  (p s  . 2 7  ( 'I tcv *  )
~  . 3 7  ( /  a o  )
= -130
Now i n  t h e  c a s e  o f  -ION g l y c i n e ,  a s s u m i n g  t h a t  
f o r /
7 8 .
7 7 .
f o r  «ION G l y c i n e  =  *03
/  -  <p =  .3 7  / .  03
=  -04 7
*047 r e p r e s e n t s  t h e  d e v i a t i o n  i n  a  s o l u t i o n  o f  
o r d i n a r y  i o n s o f  s t r e n g t h  i  . 0 3  b u t  t h e  f a c t  t h a t
we a r e  d e a l i n g  w i t h  a  h y b r i d  i o n  i n  s u c h  a  s o l u t i o n  
v / i l l  r e d u c e  t h e  d e v i a t i o n  t o  -30 -  .4 0 o f  t h i s  v a l u e ,
-  s a y  t o  *01
i . e .  1 -  (p =  -01
, . .     l  -  ( a m p h o l y t e ) 1
a n d  t h e  r a t i o  o f  t h e  d e v i a t i o n s  '£  ssfL+T"----- ~ ~ i s
o r  a p p r o x i m a t e l y  t h e  v a l u e  shown b y  G ra p h  7 .
The o c c u r r e n c e  o f  t h e s e  e f f e c t s  ( t h e  i n c r e a s e  
i n  s o l u b i l i t y  o f  a m p h o l y t e s  i n  s a l t s  a n d  t h e  a p p a r e n t  
a s s o c i a t i o n  o f  a m p h o l y t e s  i n  s o l u t i o n ) a n d  t h e  
a p p r o x i m a t e  c a l c u l a t i o n  o f  t h e i r  m a g n i t u d e  a r e  a  
s t r i k i n g  c o n f i r m a t i o n  o f  t h e  h y p o t h e s i s  t h a t  t h e  
s o l u b i l i t y  i n c r e a s e s  I  h a v e  m e a s u r e d  a r e  r e a l l y  t h e  
e f f e c t  o f  t h e  h y b r i d  i o n .
GENERAL CONCLUSION.
The c h e m i c a l  p r o p e r t i e s  o f  t h e  am ino  a c i d s  
s t r o n g l y  s u p p o r t  t h e  h y b r i d  i o n  f o r m u l a .  E r l e n m e y e r  
a n d  s i g e l  ( A n n a l e n . 176 .3 5 0  ) f i r s t  p o i n t e d  o u t  t h a t  t h e ,
o r o n e r t i e s  o f  a  c a r b o x y l ! c  a c i d  a p p e a r e d  i n  g l y c i n e
| ■ 
o n l y  when a  s t r o n g  a c i d  w as  a d d e d  a n d  t h e y  e x p l a i n e d
.
t h i s /
t h i s  b y  t h e  c y c l i c  s t r u c t u r e .  O s t w a l d  ( J . p r a k t  . C h e m . ,
3 3 , 3 6 9  ) p o i n t e d  out.  t h a t  t h e  c o n d u c t i v i t y  b e h a v e d  on  
d i l u t i o n  l i k e  t h a t  o f  a  s a l t .  M a r e k w a l d ,  Neumark  a n d  
S t e l z h e r  ( B e r . , 3 4 .3 3 79 ) s h o w e d  t h a t  u n l i k e  a l l  o t h e r  
a l i p h a t i c  a m i n e s , t h e  am ino  a c i d s  do  n o t  r e a c t  w i t h  
m u s t a r d  o i l s ;  b u t  t h a t  t h i s  r e a c t i o n  o c c u r s  r e a d i l y  
when  a l k a l i  i s  a d d e d .  T h i s  3 t r o n g l y  i n d i c a t e s  t h a t  
o n l y  i n  t h e  p r e s e n c e  o f  a l k a l i  d o e s  t h e  am ino  g r o u p  
a p p e a r .  The e v i d e n c e  o f  t h e  f o r m a l d e h y d e  t i t r a t i o n  
o f  a m in o  a c i d s  h a s  b e e n  m e n t i o n e d  ( p .  5 ) ;  a n d  t h e  
s t r o n g e s t  c h e m i c a l  e v i d e n c e  i s  t h a t  o f  t h e  much m o r e  
p l a u s i b l e  v a l u e s  o f  KA a n d  K & on  t h e  h y b r i d  i o n  
t h e o r y .  A l l  t h e  e v i d e n c e  c o n c e r n i n g  p o l a r  s e r i e s  
show s  t h a t  NH2 a s  a  s u b s t i t u e n t  o c c u p i e s  a  p o s i t i o n  
i n  t h e  r e g i o n  o f  01  o r  OOH^ i n  t h e s e  s e r i e s  f o r  a l l
«r
¡ p r o p e r t i e s  e x c e p t  t h e  d i s s o c i a t i o n  c o n s t a n t s  o f  a c i d s ,  
i n  w h i c h  c a s e  t h e  am ino  g r o u p  h a s  an  e f f e c t  a b o u t  
1 m i l l i o n  t i m e s  t h a t  w h i c h  i t s  n e i g h b o u r s  i n  t h e  
3 e r i e s  h a v e  . On t h e  o t h e r  h a n d  T i i d e n  a n d  F o s t e r  
f o u n d  t h a t  g l y c i n e  r e a c t s  w i t h  n i t r o s y l  c h l o r i d e  a s  
i f  i t  c o n t a i n e d  a n  am ino  g r o u p .  The b u l k  o f  t h e  e v i ­
d e n c e  t h u 3  f a v o u r s  t h e  c y c l i c  or-  s a l t - l i k e  s t r u c t u r e  
f o r  a m in o  a c i d s .  But  i n  t h e  l i g h t  o f  t h e  m o d e rn  
t h e o r y  o f  s a l t  s o l u t i o n s ,  t h i s  s a l t  m u s t  b e  c o m p l e t e l y  
d i s s o c i a t e d ,  i . e .  i t  o c c u r s  c o m p l e t e l y  a s  t h e  h y b r i d  
i o n .  The o c c u r r e n c e  o f  t h e  a n i o n  a n d  c a t i o n  a r e  
m e r e l y  e v i d e n c e s  o f  h y d r o l y s i s  o f  t h e  s a l t .  I n  t h i s  
p a p e r  t h e  e f f e c t  o f  v a r i o u s  a m p h o l y t e s  o n  t h e  s o l u b i l i t y  
of/
7 8 .
o f  s e v e r a l  s a l t s  h a s  b e e n  d e t e r m i n e d  a n d  t h e  a p p a r e n t  
" i o n i c  s t r e n g t h "  o f  t h e  a m p h o l y t e  s o l u t i o n s  h a s  b e e n  
d e t e r m i n e d .  A m e a s u r e  h a s  t h u s  b e e n  o b t a i n e d  o f  t h e  
e x t e r n a l  f i e l d  o f  f o r c e  o f  t h e  h y b r i d  i o n s  o f  t h e s e  
a m p h o l y t e s .  I t  a p p e a r s  t h a t  t h e  g e n e r a l  e f f e c t  i s  
o f  t h e  o r d e r  o f  *10 t o  .8 0  o f  t h e  t o t a l  e f f e c t  t o  b e  
e x p e c t e d  f r o m  two u n i v a l e n t  c h a r g e s  on  s e p a r a t e  
m o l e c u l e s .  The a s s u m p t i o n  t h a t  t h e  e f f e c t  s h o u l d  
i n c r e a s e  w i t h  s e p a r a t i o n  o f  t h e  c h a r g e s  d o e s  n o t  mean  
t h a t  i t  s h o u l d  i n c r e a s e  w i t h  t h e  l e n g t h  o f  t h e  c h a i n ;  
f o r  a  c o n s i d e r a t i o n  o f  t h e  p o s s i b l e  p o s i t i o n s  i n  
s p a c e  o f  t h e  N a n d  0 a t o m s  shows  t h a t ,  when we t a k e  
t h e  m o s t  f a v o u r a b l e  d i r e c t i o n  o f  v a l e n c y  b o n d s  a t  t h e  
t e t r a h e d r a l  a n g l e ,  t h e  c h a r g e s  c a n  a p p r o a c h  e a c h  o t h e r  
m o r e  c l o s e l y  i n  t h e  / 2  a n d  a c i d s  t h a n  i s  p o s s i b l e  
i n  t h e  o t - a c i d ,  s u c h  a  c o n f i g u r a t i o n  w i l l  no  d o u b t  
b e  f a v o u r e d  b y  t h e  e l e c t r i c a l  a t t r a c t i o n  b e t w e e n  t h e  
c h a r g e s . On t h d  o t h e r  h a n d  i t  i s  p r o b a b l e  t h a t  t h e  
s a m e f o r c e s  w h i c h  s e p a r a t e  t h e  i o n s  of'  a  s a l t  i n  
s o l u t i o n  w i l l  t e n d  t o  s t r e t c h  o u t  t h e  h y b r i d  i o n s  
u n t i l  t h e  c h a r g e s  a r e  so f a r  a p a r t  a s  p o s s i b l e ,  so  
t h a t  a n  i n c r e a s e  o f  t h e  s o l u b i l i t y  e f f e c t  w i t h  l e n g t h  
* o f  c h a i n  r e m a i n s  a  p o s s i b i l i t y .  T h i s  p o i n t  c a n n o t  b e  
c o n s i d e r e d  d e f i n i t e l y  s e t t l e d  a l t h o u g h  t h e  f i g u r e s  
g i v e n  i n  T a b l e  69 p r o b a b l y  i n d i c a t e  t h a t  t h e  e f f e c t  






l .  B j e r r u m ' s  t h e o r y  t h a t  a m p h o l y t e s  c o n s i s t
l a r g e l y  o f  h y b r i d  i o n s  s u g g e s t s  t h a t  a m p h o l y t e s  
s h o u l d  l o w e r  t h e  a c t i v i t y  o f  s a l t s  i n  s o l u t i o n  
a n d  t h a t  s a l t s  s h o u l d  l o w e r  t h e  a c t i v i t y  o f  
a m p h o l y t e s  i n  s o l u t i o n .
3 .  A s e r i e s  o f  s i x  a m p h o l y t e s  h a s  b e e n  p r e p a r e d  
a n d  t h e i r  i n f l u e n c e  on  t h e  s o l u b i l i t y  o f  f i v e  
s a l t s  h a s  b e e n  d e t e r m i n e d  a t  v a r y i n g  c o n c e n ­
t r a t i o n s .
3 .  I n  a l l  c a s e s  a n  i n c r e a s e  i n  s o l u b i l i t y  i s  
f o u n d .  A s s u m in g  t h a t  t h i s  i s  d u e  t o  t h e  e f f e c t  
o f  t h e  h y b r i d  i o n ,  a s  i o n ,  t h e  " i o n i c  s t r e n g t h " !  
o f  t h e  a m p h o l y t e  s o l u t i o n s  h a s  b e e n  c a l c u l a t e d .
4 .  The g e n e r a l  m a g n i t u d e  o f  t h e  i o n i c  s t r e n g t h  
i s  *10 t o  -20  o f  t h a t  c a l c u l a t e d  f o r  i n f i n i t e  
s e p a r a t i o n  o f  t h e  c h a r g e s .  I n  some c a s e s  
s p e c i f i c  e f f e c t s  a r e  a d d e d .
5 .  By t h e  u s e  o f  t h i s  f i g u r e  t h e  i n c r e a s e  i n  
s o l u b i l i t y  o f  g l y c i n e  i n  p r e s e n c e  o f  s t r o n t i u m  
c h l o r i d e  a n d  t h e  a p p a r e n t  p o l y m e r i s a t i o n  o f  
g l y c i n e  i n  a q u e o u s  s o l u t i o n ,  n o t i c e d  b y  o t h e r  
a u t h o r s ,  h a v e  b e e n  e x p l a i n e d  a s  a n  e f f e c t  o f  
t h e  h y b r i d  i o n .
